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Nepalese Words and Terms 
A Hybrid Cross of a Yak and a Cow 
Post Harvest Threshing 
Special Caste for Ploughing 
Low Land (irrigated or rainfed)
Female Yak 
Rainfed Dry Upland 
Exchange of Labour
Panch Elected chief of Village Panchayat
Raised Flat Terraces in river valleys 
Flat Land in the Southern Part of Nepal 
Mountain Cattle
CURRENCY EQUIVALENTS
Currency Unit = Nepalese Rupees (NRS)
(approximately)





The economic development of Nepal is largely dependent on the 
development of the Hilly regions. The Hills occupy a significant place 
in the geographic and the economic setting of the country. The majority 
of the farmers in the Hills are operating their intensive 
crop-livestock farming systems at a subsistence level. Income levels 
have been declining in recent years due to increasing population, 
decreasing size of land holdings, the declining productivity of "pakho" 
land, soil erosion and deforestration. Under such circumstances, it is 
important to undertake a study aimed at exploring the possibility of 
increasing Hill-farmers income by introducing more profitable 
enterprises in which the Hills might have a comparative advantage. This 
is particularly important for "Pakho" land.
This study explores the possibilities for increasing the incomes 
of the farmers in the Hills by introducing horticultural tree crops and 
also by intercropping cereals or potato among the trees. The study 
takes into account the stability and sustainability of the proposed 
system. Three separate models are built for apple or walnut for three 
different farm sizes. These include both household level production 
units and also the pooled land of a Small Farmers Group. Similarly, 
three separate intercropping models are built for apple or walnut with 
due consideration of the spatial and temporal constraints of the 
perennial crops. The analysis is undertaken at the farm level with 
multi-period budgets using estimated market prices brought back to the 
"farm gate". The cost of time is taken into account by discounting 
benefits and costs by 13.5 per cent. Three standard economic criteria, 
namely Sum of Net Present Value (SNPV) (and the equivalent Amortised 
Value), the Internal Rate of Return (IRR) and Benefit Cost (B/C) 
ratios, are used to determine the economic viability of the models from 
the farmers point of view. Because of the ex-ante nature of the 
analysis of the proposed farming systems, care is taken to make all the
viii
assumptions explicit. Furthermore, sensitivity analysis is undertaken 
to check on the 'sustainability' and 'stability' of the models.
The apple and walnut enterprises give much higher returns than 
cereals or potatoes grown on "pakho" land in the study area. The 
encouraging results of the sensitivity analysis for both apple and 
walnut demonstrate the relative stability of the results. The 
intercropping models improve the performance by helping to cover the 
costs during the gestation period of the tree crops. They also help by 
providing food during this gestation period. In addition to the 
financial returns, such tree crops provide external benefits by helping 
to protect land from soil erosion. The models have the potential of 
improving equitability of incomes within the community by providing 
employment within and outside the orchards. However, this study does 
not attempt to quantify or value such externalities.
These ex-ante results are sufficiently encouraging to suggest that 
thorough research should be undertaken on the productivity and 
marketability of specific varieties of apples and walnuts and on the 
management practices necessary to minimise possible negative 
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1CHAPTER 1 
INTRODUCTION
The economic development of Nepal is largely dependent on the 
development of the Hills of the country, as they occupy a prominent 
place in the geographic and economic framework of the country. The 
Hills account for about three quarters of the total land area, but they 
constitute only one third of cultivated land. More than 94 per cent of 
the total population live in rural areas and about two thirds of these 
live in the Hills.
Agriculture is the mainstay of the Hills and it is noted for its 
intensive crop-livestock farming systems and permanent settlement. It 
has remained self-sustaining and self-reliant for a long time. However, 
the situation has changed in the recent years because of the rapid 
increase of population in a fragile environment. The ratio of 
cultivated land per farmer is very low and most of the holdings are 
small, scattered and highly fragmented. Cultivation has been extended 
beyond the limits that are considered economically feasible and 
ecologically safe. As a result, agricultural productivity in the Hills 
has declined, as more marginal land has been brought into cultivation. 
There is gross overpopulation in agriculture, resulting in disguised 
unemployment. Moreover, the overall investment of capital per head is 
low, indicating a traditional technology. Outward migration to the 
lower, less populated, Terai has been an option that many people have 
taken. Nevertheless, population density on arable land in the Hills is 
reaching alarming levels.
The complex problems of agricultural development in the Hills have 
made it apparent that cereals alone cannot support and maintain the 
growing population, and that they provide little scope for achieving a 
meaningful level of development. Irrigation, one method for 
intensifying production, is very dangerous in the Hills because of the 
very steep terrain (soil erosion) and without irrigation, chemical
2fertilizers are of little use. Therefore, there is a little scope for 
more intensive annual crop production. But there may be some scope for 
farmers to specialise in production of more profitable commodities, 
through which the Hills can use their comparative advantage and trade 
in the domestic market.
One of the possible alternative approaches is horticultural 
tree-crop development. Furthermore, intercropping cereals with 
horticultural-tree crops could result in higher returns to the farmer 
than cereals alone. The incomes of the Hills farmers could be increased 
by specializing in such tree crops. Proposals have been put forward to 
encourage this type of development and it is the intention of this 
study to explore the economic prospects of some of these horticultural 
tree crops. The study concentrates on examining the potential 
profitability of these enterprise from the farmer's perspective.
1.1 Country Background
1.1.1 Geographic
Nepal is a landlocked country situated between China in the North 
and India in the South. On the basis of geomorphological conditions, 
Nepal can be broadly divided into the Hills (Northern part), and the 
Terai (Southern Part). It is ecologically divided into three region: 
Terai(between 75 and 300 meters above sea level), the Hills (between 
300 and 3000 meters above sea level) and Mountains (above 3000 meters 
above sea level). Because of snow coverage, the mountain areas are of 
little agricultural importance (see map, Figure 2-1).
1.1.2 Social Background
Nepal has a population of 15.7 million (1983), increasing at the 
rate of 2.6 per cent per annum (World Bank, 1985, p. 174 & p. 210). 
More than 90 per cent of the population live in rural areas and about 
two thirds live in the Hills. Life expectancy at birth is only 46 years 
and the infant mortality rate is 145 per thousand (1982) (World Bank, 
1984, p.226), suggesting that there is scope for the rate of population 
growth to increase further. The adult literacy rate is 23.3 per cent 
(1981) (CBS, 1984, p.286). The standards of health and education are 
well below the average for South Asia. Living conditions are very 
severe in the Hills.
31.1.3 Economic Background
Agriculture is the mainstay of the Nepalese economy. About 65 per 
cent of the gross domestic product (GDP) is contributed by this sector, 
while over 94 per cent of the total labour force is employed in 
agriculture. Agriculture accounts about 80 per cent of export earnings 
(Khadka and Gautam, 1981, p.29).
The average index of per capita food production for 1980-82 is 83 
(1969/71=100) (World bank, 1984, p.228). The Nepalese average 
nutritional level is below the South Asian average. The food production 
and nutritional level of hill and mountain regions are even lower. This 
has resulted in a problem of acute food shortage.
Studies indicate that in the hill areas, a large proportion of 
family budgets are spent on food, this reflecting the subsistence 
living standards. The economic structure of these regions is very 
heavily based on agricultural production, in which cereals dominate. 
According to a survey by the National Planning commission (NPC, 1977), 
the national minimum subsistence level of per capita expenditure per 
day was NRS2.00 (about US$ 2/month) at 1976/77 prices. The sad reality 
for Nepal is that 40 percent of households (41 per cent in rural areas) 
are below the poverty line (NPC, 1977, p. xiv). Only food supplies from 
outside and/or cash income from unregular, casual, off-farm employment 
keep these people above starvation level.
1.2 Importance of Hill Agriculture
The Hills agriculture plays a significant role in the Nepalese 
economy. The Hills (including Mountains) have approximately 0.6 million 
hectares under cultivation, which is less than one-third of the total 
cultivated land (2.3 million hectares) in the country.1 Three fourths 
of the area under cultivation in the Hills are upland terraces. 
Eighty-two per cent of the farms are less than 0.67 hectare in size. 
The average size of holding in the Hills is less than 0.5 hectares, 
compared with 1.7 hectares in the Terai (World Bank, 1981).
Two third of the population of Nepal live in the Hills and of
^Only 17 per cent of the 54.4 thousand square miles of the country is 
cul tivated
4these more than 95 per cent engage in agriculture for their livelihood. 
The population density of the Hills exceeds 1,500 persons per square 
Kilometer of arable land or 12 persons per hectare of cultivated land 
(World Bank, 1979, cited in Pant and Thapa, 1981, p.9). Hill 
agriculture is limited to small valleys and terraced slopes. Almost 
every inch of arable land in the hills is intensively cultivated, but, 
even so, the fertility of the land is low because of the terrain (Ong, 
1981) .
There is gross over population in the Hills resulting in disguised 
unemployment. Cereals dominate the agriculture, although they are part 
of an integrated crop-livestock system that is intensively practised in 
the Hills economy. Moreover, the majority of the Hills farmers are 
operating at, or near subsistence level due to increasing population 
and decreasing size of land holdings. Thus it is increasingly urgent 
but difficult to raise the level of living of the Hills farmers.
1.3 Statement of the Problems
Besides the low ratio of cultivated land per farmer, the land 
holdings are scattered and fragmented. Furthermore in these regions the 
fertility of land is low because of the terrain. Moreover, most of the 
cultivated land in the Hills is not well terraced and as the rainfall 
is usually heavily concentrated in few months during summer (May/June 
to September), application of chemical fertilizers on a large scale 
appears to be risky. The farmers in Hills are risk avoiders. 
Irrigation also poses dangerous problems because of the steep terrain 
and the ecological conditions. This precludes the simple transfer into 
Nepal of the new biological innovations which are taking place in 
various other parts of the world. As a result, the per hectare yields 
in the Hills are actually decreasing because of poor soils and high 
erosion rates. During the period 1967 to 1972 the yield of paddy, 
maize, and wheat declined by 1.3, 2.0 and 3.9 per cent (World Bank, 
1974 cited in Pant and Thapa, 1981). Between 1970 and 1980 the 
yields/ha of all the major crops in the Hills again decreased. (Pant 
and Thapa, 1981).
Various micro-level studies carried out in different parts of the 
country at different times especially in the Hills, have found
5substantially below-average adult per capita daily energy intakes and 
the level of nourishment fluctuating (IFPRI, 1977, APROSC, 1978, 
Gautam, 1981, 1982 and 1983 and Calkins, 1982). A nutrition survey 
(1976) showed that 54.2 per cent of the rural population in the Hills 
suffered from moderate to chronic stuntedness due to under
nourishment(Word Bank, 1979).
The World Bank Appraisal Mission Report (1975) estimated that the
average per capita intake was 1929 calories per adult consumption unit
o(ACU) in Nuwakot and 1647 calories in Rasuwa. The estimated minimum 
per capita requirement per ACU was calculated to be 2550 and 2750 
calories for Nuwakot and Rasuwa respectively. The report concluded that 
average intakes in the project area derived from present production 
levels were inadequate. Furthermore, the Household Base study of the 
Rasuwa/Nuwakot Project (1978) also concluded that calories intakes do 
not meet the minimum estimated requirement recommended by FAO, WHO and 
the National Advisory Committee of India. The DRCG report (1982) 
estimated that average calorie availability for Rasuwa was 1153 
calories per ACU for the lower quartile and 3237 calories per ACU for 
the upper quartile. The corresponding figures for Nuwakot were 968 and 
3507 calories. The intermediate land group were near the minimum
subsistence requirement level, 2635 calories for Rasuwa and 2682 
calories for Nuwakot. The R/N IRD Second Phase (1983) estimated that 
the lowest quartile could only meet the requirements for 156 days of
the year in Nuwakot and 191 days in Rasuwa. This report also estimated 
that additional cereals for 6-7 months in a year would be required
(assuming 2200 per capita calorie requirement supplied from cereals 
only, the remaining 20 per cent coming from pulses and other sources). 
The Panchayat Case Study (R/N IRD, 1983) also showed that 50 per cent 
of households are producing food grains yielding less than 2000 per 
capita calories per day. Moreover, about 40 per cent experience food 
deficits for more than 4 months of the year. Therefore the R/N IRD
(1983) concluded, that a large proportion of the households have
2see Map. Rasuwa, one of the two districts of R/N IRDP is the locate 
of the case study of this thesis.
O June/July are the main food deficit months.
6inadequate food, even though the project area as a whole did not have a 
food deficit. The report assumed that 25 per cent of the population, 
the lowest farm group, had a food deficit.
Pant and Thapa (1981) estimated that an average family in the 
Hills currently produces food for only about 226 days of the year. If 
population and food production follow similar growth rates as in other 
areas, food produced by the average hill farm family will cover only 
approximately 197 days of normal yearly subsistence needs in 1989/90.
Lastly, most of the income of the Hills people is generated from 
agriculture, which is not sufficient to put them above starvation 
level. DRCG (1982) found that average gross annual family income in 
Rasuwa was NRS4712 (USS 314) and in Nuwakot NRS5531 (US$369). A large 
proportion of this was derived from agriculture. Non-agricultural 
employment and subsistence labour were needed to sustain the rural 
economy of the project area. The cash income earned from off-farm 
sources played a vital role in the economic viability of the typical 
household in the project areas. The distribution of family income was 
also characterized by a high degree of inequality. The average family 
income for the lower quartile was 2097 (US$139.8) in Rasuwa and NRS1916 
(USSJ27) in Nuwakot. Moreover, there is a gap between income and 
expenditure in Hills and Mountains: 3.97 per cent deficit in the Hill 
regions and 10.48 per cent in the Mountain regions (Acharya, 1982, 
P - 6).4
Thus from the above evidence, a big question that emerges is how 
the average farmer in the Hills with a family size of six persons, 
owning less than 0.5 hectare of scattered and fragmented farming land, 
can achieve a better way of life.
1.4 Future Prospects for the Hills
Average statistics can be misleading. There are great 
dissimilarities in socio-economic conditions between various Hill 
districts. Problems differ from one place to another and so do the 
solutions. Therefore it is hard to generalise about the existing
^Income NRS782 and NRS932 and expenditure, NRS864 and NRS969 in 
Mountains and Hills respectively.
7situation in the Hills. However, the fact remains that if the level of 
the living of the Hills is to be increased incomes have to be raised. 
The second Phase R/N IRD (1983) also draws the conclusion that food 
consumption levels should be raised by increasing the income of small 
farmers through appropriate activities. The literature also shows that 
demand for the food will increase as income rises. Also higher incomes 
can result in improved nutrition levels, which in turn can result in 
access to and/or increased earnings from employment opportunities, in 
turn leading to increased household income.
On the basis of research evidence from the sub-continent, farmers
5in Nepal would also be expected to respond to price signals. But, the 
land holdings of poor farmers are very small and fragmented. Therefore 
there is a little scope for more intensive production of existing crops 
but there may be some possibilities of switching over to commodities in 
which the Hills could have a distinct comparative advantage. In other 
words, the agriculture (cereals) in the Hills cannot support and 
maintain the growing population and there is a little scope for 
intensifying production with irrigation in Hills because of the 
difficulties of getting the water to the high teraces and the danger of 
severe land slides. Without irrigation chemical fertilizers are 
generally less effective.
An alternative approach is horticulture development. Horticultural 
enterprises can be more profitable than cereals in the Hills (Rana and 
Mathema, 1981 p.33). According to Miyan (1980), " Apart from climatic 
suitability, the geographic condition of the Hill regions of the 
country indicate a necessary transition from traditional field crop 
farming to fruit orchards. Fruit farming requires less tillage and the 
promotion of fruit growing on hilly land will help the conservation of 
valuable top soil which is being eroded due to the extension of
^Schultz (1964) believed that farmers in developing countries are 
poor but efficient. Moreover, he argued that farmers are rational and 
that any discrepancies between actual and optional output mix patterns 
derive from lack of knowledge, lack of capital, risk aversion and other 
constraints which limit the range of choice in the farmer's decision 
making environment. Raj Krishna (1967) found that the farmers in India 
were very responsive to prices. Moreover, Yotopoulos and Lau (1973) 
concluded that both small and large Indian farmers were price 
efficient.
8traditional farming methods into previously forested areas " (Miyan, 
1980, p.3). He further explained that the present fruit production is 
insufficient to meet national demand; the deficit is met by importing 
fresh and preserved fruit products, mainly from India. Therefore there 
is increasing interest in the potential for increasing the production 
of fruits to meet internal demand as well as for export. Thus, with 
this approach farmers in the Hills would become relatively more 
specialized in horticulture in the course of time. They could exchange 
their products for cereals in which the lower areas of the Terai have a 
comparative advantage. In other words it is possible that the income of 
the poor farmers would be raised from horticulture specialization and 
they would be able to buy cereals from the cereal surplus areas.
The Fourth Five Years Development Plan (1970-75) of Nepal stated 
that "encouragement should be given to the production of commodities 
other than cereals in the Hills. If the rules of comparative advantage 
are used, this should, in turn, help to increase the standard of living 
of the local people" (NPC, 1972 cited in Calkins, 1982, p.339). Because 
of different ecological conditions, the Hills possess an important 
comparative advantage in the production of fruits and vegetables. The 
production of low weight, high value fruit, spice, herbs and vegetable 
seeds offers alternative opportunities for raising employment and 
income of the hill people (Pant and Thapa,1981, p.24).
A number of researchers have also discussed the theoretical 
likelihood that individual regions of Nepal could benefit from 
specialization and trade ( Thapa, 1966, Mathema, 1969, Danner, n.d, 
Pant and Jain, 1972, Amatya, 1976, Pant and Thapa, 1981, Ong, 1981, 
Rana and Mathema, 1981). Calkins (1982) also found that plans for 
horticultural development in the hills could benefit small farmers and 
improve the distribution of income. Therefore, specialization in 
commodities with comparative advantage would help to increase income. 
Furthermore, Miyan (1980) believed that the promotion of fruit growing 
also offers promise for the development of several subsidiary 
industries such as preservation, dehydration, packaging, transportation 
and refrigeration. These activities would thus help generate additional 
employment, especially in the hills where there is surplus labour. He 
further argued that with a number of access roads currently being built
9into the Hills, it is necessary to generate more economic activity to 
make maximum use of them. Fruit farming may add a new variable to the 
economy of the hilly region, and may be a good source of cash income 
for the hill farmers.
Moreover, The Sixth Development Plan (1980-85) stated that " The 
Government recognised that the goals of the Fourth Plan could be 
achieved only in the long run, if at all". During the Sixth plan, 
livestock and horticulture development programmes will be concentrated 
in suitable places of the hilly regions . . . Specialization of this 
nature does not mean neglect of any other possible lines of production 
if it is agriculturally suitable. Efforts should be made to achieve 
self-sufficiency, especially in the remote and hilly areas, ... All 
the existing agricultural centres, livestock farms, horticulture and 
fishery development centers will be classified according to the three 
major geographical regions. These centers will be adequately funded and 
total research and extension coordinated through them" (NPC, 1979). The 
overall thrust of this plan is to encourage an increase in the basic 
food supply by using local institutions, leaders and resources. 
Investment in horticultural development will be carefully channeled 
into those areas in which the pay-offs are expected to be highest. In 
the Nepalese discussions, however, reference to the comparative 
advantages of the middle hill region seem limited to fruits and herbs.
The Sixth Five Years Development Plan (1980-85) explicitly 
mentioned that specialization in the horticulture in the Hills does not 
mean to neglect of other possible forms of production. This, in turn, 
suggests 'Multicropping' , which aims to increase crop production by the 
multiple use of the same resources within the same time period. Andrew 
and Kassam (1976) defined multiple cropping in space and time 
dimensions - growing two or more crops in the same field in a year. 
According to them, there are two major categories of multicropping:
1. Intercropping
2. Sequential cropping
Moreover, they defined "Intercropping" as the practise of growing 
two or more crops simultaneously in the field so that there may be 
intercropping competition during all or part of the crop growth,
10
whereas "Sequential cropping" refers to the situation in which the 
crops are grown successively within a single year.
The principle of the intensification of the cropping in space need 
not be restricted to single year. Therefore, Singh and Nair (1973) have 
recommended that multicropping may be better preferred to maximize crop 
production per unit of land and per unit of time without causing soil 
deterioration. Similarly, the number of crops grown per unit of time 
is not the criterion, but rather the extent to which the opportunities 
for multiple use of the same resources are utilized through repeated 
and / or intensified cropping. Hence, multiple cropping in the Hills 
of Nepal, is the most intensive form of crop management and it may be 
manifested in various forms, including the practice of growing one or 
more annual crops with perennial crops such as horticultural tree 
crops. In addition, tree crops may provide external benefits of helping 
to protect the land from high soil erosion- especially as their maximum 
leaf coverage is during the heavy rains of the Summer months.
Conway (1985) suggested four evaluation criteria by which proposed 
cropping systems should be judged. These are: productivity, stability, 
sustainability and equitabi1ity. Certainly the desired result in the 
Hills is a higher land productivity which is stable and sustainable 
over time and improves equitabi1ity.
1.5 Objective of the Study
The main objective of this study is to evaluate the profitability 
of apple and walnut orchards as compared to annual crops on "pakho" 
land in the study area. Secondly, it will assess the economics of 
systematic intercropping models with consideration of spatial and 
temporal constraints. The economic analysis will be confined to the 
profitability of the different models, but with some focus on the 
stability, sustainability and equitability of the models.
1.6 The Organization of the Study
The next Chapter deals with the description of the case study 
area. The Third Chapter discusses the methodology and the data used for 
the economic analysis of the intercropping models. The details of the 
assumptions for model building are presented in the Fourth Chapter. The
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Fifth Chapter presents the results of the analysis based on MULBUD, a 
multiperiod budgeting computer technique and, discusses the results. 
The final Chapter summarizes the issues raised and suggests possible 
future courses of action.
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CHAPTER 2
THE CASE STUDY AREA
2.1 Introduction
This chapter briefly reviews the Rasuwa/Nuwakot integrated rural 
development project, describes the physiography and socio-economic 
conditions; and focuses on the farming systems and agricultural 
practices in the case study area. The discussion in this chapter is 
based mainly on R/N IRDP, Second Phase Project Preparation Report, 
1983.
2.2 Review Of Rasuwa/Nuwakot Integrated Rural Development Project
Rasuwa/Nuwakot Integrated Rural Development Project (R/N IRDP), 
first called the Trishuli Watershed Rural Development Project, was 
established to improve the economic conditions of the Hill people, 
because there was increasing disparity in economic growth between the 
Hill and the Terai regions. In 1973, a discussion paper was prepared by 
the FAO, indicating investment possibilities in the Trishuli Watershed 
and the need for external financing. In 1975, an IDA appraisal mission 
presented a report "Appraisal of Rural Development Project". In 1976, 
this project (the first its kind in Nepal) was implemented with the aim 
of improving the level of living of the rural poor. In other words, it 
was designed to support HMG development strategy, which sought to 
balance economic growth with income distribution, to provide for more 
equitable regional development and to ensure continuing benefits from 
previous development work. These goals were to be brought about by 
increased agriculture and livestock production and cottage industries; 
by the provision of health services and village water supplies; and by 
improvements to communication (World Bank, 1975, p.2).
The first phase of the project was originally intended to last for 
five years. This was later extended to 7 years. The project got under
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way in 1976 with a total outlay of 136 million Nepali rupees which 
included a loan of US$8 million and UNDP/IDA technical assistance of 
US$600 thousands (APROSC, 1983, p.l).
Following an evaluation of the project in 1982, the preparation 
for a second-phase project was undertaken. The following objectives 
were set out:
- Increased production, productivity and employment in 
agriculture and off-farm activities with special emphasis on 
the problems of the small farmers.
- Human resource development and resource conservation through 
increased efforts in education, health, population control, 
forestry development and management, and soil and water 
conservation.
- People's participation and institutional development at local 
leve1.
2.3 Physiography
The project area covered two of the seventy-five districts of the 
country - Rasuwa and Nuwakot in the Bagmati Zone of the Central 
Development Region of Nepal. However, only Rasuwa District was taken as 
case study area because it was considered to be representative of the 
actual socio-economic, conditions in the Hills of Nepal. Additionally, 
for the in-depth data, Haku, a Panchayat of Rasuwa was chosen. Haku 
was choosen because a detailed study had been done in this Panchayat 
during the Second Phase Project Preparation of R/N IRDP.
2.3.1 Location
Rasuwa district is the least developed district in the Central 
Hill Districts of Nepal. It is bounded by China (Tibet) to the North, 
Sindhupalanchouk to the west and Nuwakot and Dhadhing districts to the 
South and East respectively. Rasuwa has 18 village Panchayats and its 
district headquarter is at Dhunche. A 36 Km road is under construction 
from Bidur to Ganesh Himal through Dhunche, this will be the first 
sealed road linking Rasuwa to Kathmandu and to other parts of the 
country. Maps of Nepal and of the study area are presented in Figure 
2-3 and Figure 2-2.
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The topography of the study area is extremely rugged, consisting 
mainly of steep hills and narrow valleys, with altitudes ranging from 
1000 meters in the south to over 7000 meters in the north. There is 
only a small area of Tar (raised flat terraces in river valleys) or 
other flat or gently slopping land in the district.
2.3.3 Climate
The climate of the study area ranges from sub-tropical through 
temperate to alpine. In general, hail affects agriculture down to 
about 1200 m, but, snow rarely falls below 1800 m. The permanent snow 
line is around 5000 m, although even in March or April, when it rains 
in the valleys, elevations down to 2000-3000 m can get a light coating 
of snow. The tree line is at about 3,600 m (APR0SC, 1983, p.3).
Due to the South West Monsoon, over 90 per cent of the rainfall 
occurs between June and September, but occasional showers can occur in 
any month. The proportion of precipitation during the Monsoon (June to 
Sept) varies from about 57 to 82 per cent (APR0SC, 1983, p.15), the 
monthly rainfall is shown in Table 2-1
Like rainfall, the average annual temperature also varies greatly 
ranging from about 4 to 27 degrees Celcius at Dhunche.
2.4 Socio-Economic Situation
2.4.1 Demographic Characteristics
The population census of 1981 recorded the district's population 
as 30,241, of which 15,719 were male and 14,522 were female (CBS, 1984, 
p.13). The average size of households was 5.82. Population density in 
the district was 5.98 persons per hectares and the economically active 
population was 53.8 per cent of the total population of the district.1
At the time of the survey for R/N IRDP, 1983, infant mortality was 
170 per thousand. General health conditions were very poor as compared 
to the National average. Six health posts provided the minimum 
curative, preventive health and family planning services. The average
^These figures were calculated from 1981 census, Agricultural 
Statistics, 1981 and APR0SC, 1983
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Table 2-1: Rainfall Distribution by Month
















Source: APROSC, 1983, p.14
population covered by one health post was between 10,000 and 15,000, 
and between 5000 and 7000 at higher altitudes.
Similarly, the level of education was also very poor. The 
estimated literacy rate in the study area was 18 per cent. Out of 18 
per cent, only a small proportion, 17 per cent, was female (APROSC, 
1983, Annex 10).
2.4.2 Size and Tenure of Land Holdings
The common classification of land in the study area is wet land 
(Khet) and dryland or upland (Pakho). The Khet is more fertile and, 
therefore, valuable. It is planted intensively with rice during the 
monsoon and with wheat in winter. The pakho is generally of inferior 
quality and is mainly used for rainfed crops such as maize, millet,
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barley, wheat and soybean. It is also used for horticultural tree 
crops.
The average size of land holdings in study area was 0.52 ha, of 
which 0.32 ha. was pakho and rest was khet. About 87 per cent of 
families operated less than 0.5 ha. of cultivated land. The upper 
quartile operated an average of 37 ropanies (1.85 ha.) and lower 
quartile operated only 3 ropanies (0.15 ha.). If the quality of land is 
taken into account the disparities between the upper and lower quartile 
are even greater. The average holding of pakho by lower quartile was 
only 0.1 ha., whereas the middle and upper quartiles hold average of
p0.31 ha. and 1 ha. respectively.
2.4.3 The Food Balance Situation
One of the major socio-economic problems of the study area is the 
food deficit. On 1974/75 figures, there was a 957 Mt shortfall in the 
production of rice, a 129 Mt shortfall in wheat and a 46 Mt shortfall 
in maize. On 1982 figures, sufficient calories for only 197 days per 
year were produced at a 'normal' subsistence level. The bottom 25 per 
cent of families needed to find 5-6 months off-farm employment to 
supplement their diets (APROSC, 1983,p.11).
2.4.4 Income and Employment
The per capita income of the district was estimated at US$80, 
which was considerably lower than the National average (US$170 in 
1983), because the district is dominated by subsistence agriculture 
with traditional farming practices. Agriculture is the main source of 
employment. The estimated gross annual income per household of Rasuwa 
was Rs4712 (US$314), of which 80 per cent was derived from agriculture 
and livestock, wages and portarage contributing 15 per cent (APROSC, 
1983, p.6).
Non-agricultural employment and subsistence labour were needed to 
sustain the rural economy of the study area. About 60 per cent of the 
households had one or more members of the family employed in off-farm 
occupations, mostly in cottage industries and portarage. The cash 
income earned from off-farm sources played an important role in the 
economic viability of the typical household in the study areas.
^These figures were compiled from APROSC, 1983
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2.5 Farming System
2.5.1 Land Use Pattern
Farming is the main economic activity in the study area. Due to 
the rugged terrain, much of the land can not be cultivated. Of 181 
thousand hectares total area, only 8.9 thousand hectares has been 
brought into cultivation. People had progressively exploited the 
natural forests for fuel, fodder, and timber and, whenever possible, 
changed the landuse patterns into intensive agricultural cultivation.
2.5.2 Soil
The soil type of the study area varies enormously from one place 
to another with reddish brown and yellow top soil on the Hills and 
black loam near the forests. The average acidity of the upland (Pakho) 
is 6.5 pH.
2.5.3 Cropping Pattern and Production Practices
The cropping pattern and production of each crop differs from one 
area to another, because of the differences in topography and
micro-climatic conditions. As this study is much more concerned with 
cropping patterns on pakho, where horticultural tree crops are 
generally grown, the cropping patterns of the khet are not discussed. 
The district cropping patterns of the pakho has a marked degree of 
homogeneity: maize-millet-wheat is the general sequential cropping
pattern. The farmers grow either wheat, barley or potato in the winter 
season, normally on a year by year rotation. Soybean is mixed with 
maize, whereas, ientils/peas are planted in patches with barley and 
wheat.
A brief description of each of the important crops grown in the 
study area is given below:
Maize
This is the most important food grain in the study area. It is 
grown up to 3000 meter elevation and accounts for about 36 per cent of 
crop area. Apart from local varieties, Kakani Yellow, a improved 
variety is popular.
Maize is generally grown under rainfed conditions as a summer
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crop. It is usually sown between February and March and harvested from
June to July. Land preparation starts about one month earlier,
normally with two or three ploughings. It is a common practices to grow
the crop rather thickly and to thin four to six weeks after sowing for
fodder purposes. This is followed by weeding or hoeing. A second
weeding is done five to seven weeks after the first. Earthing up to
prevent the crop from lodging is done during the second weeding in some
areas. Manuring with farm-yard manure (FYM) is relatively heavy. This
is done either by keeping animals in the field before land preparation
or by spreading composted manure during land preparation. Use of
*chemical fertilizer is insignificant.
Harvesting includes removing the mature cobs manually and then 
fully or partially shelling the cobs, which are then stored loose or 
stacked inside the house. The average yield per hectare are about 2.4 
Mt.
Millet
Millet also an extremely important late monsoon-cereal crop, grown 
up to almost 3000 meters. It accounts for about 28 per cent of crop 
area. It is not only a staple food crop, but also serves as a base 
grain for alcohol, and has low storage losses.
Millet is generally grown under rainfed conditions. Seedlings are 
prepared in a nursery during April/May and transplanted at least a 
month later. Land preparation includes digging and levelling inside the 
existing maize plants. One weeding is common, this takes place about a 
month after transplanting. Manuring by FYM is not common, the crop 
making use of residual fertility after maize.
The crop is generally harvested in October/November by cutting the 
ears. Ears are taken out as required and threshed by beating with 
sticks for immediate consumption. Average yields are about 1.8 Mt.
Wheat
Wheat is a winter crop, mostly grown on rainfed pakho. The crop 
covered less than 10 per cent of the cropped area, as wheat is not the 
staple cereal for the Hill people.
Wheat follows maize on pakho land and is normally sown by
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broadcasting in November, as soon as summer crop has been cleared. 
Land preparation usually includes two ploughings followed by planting 
or levelling. Weeding is uncommon. Manuring with FYM is common, but 
in smaller quantities than for maize.
Ears are normally harvested in February/March. Average yields per 
hectare are about 1.5 Mt.
Barley
Barley is also a winter crop grown under rainfed condition. It 
either replaces wheat in a two-year crop rotation (maize-millet- 
wheat/barley) or is grown as a monocrop at higher altitudes. It is 
planted in November/December and is harvested in April/ May, when food 
reserves are low. Yields per hectare ranged between 1 and 1.4 Mt.
Potato
Potato cultivation is widespread as an alternative crop to wheat 
and barley. Potatoes are a staple in the high Hills. Potatoes are 
normally planted in November and harvested in February/March. Average 
yields per hectare are about 8.0 Mt. The study area serves as a seed 
supply source.
Pulses
Soybeans and lentils are the most important pulse crops, and 
soybeans are intercropped with maize. Lentils are grown on patches of 
pakho as a winter crop. Other pulse crops are horse gram, cow pea, 
field pea and pigeon pea. Oil seeds (mustard) are also grown for 
personal consumption.
2.5.4 Livestock
Raising livestock is an integral part of agro-economic life in the 
study area, livestock providing 22.6 per cent of gross household income 
and 28.7 per cent of total agricultural income (APROSC, 1983, p.l). It 
is hard to find families who own no livestock at all, but few have 
large herds. Therefore this sector constitutes, after cropping, the 
second most important economic activity in the study area. Cows, 
bullocks, buffaloes, poultry, sheep, goats, yaks, naks, chauries, and
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pigs are raised. Breeding, care, and management are poor because 
livestock practices in the study area follows traditional methods. 
There is a high incidence of malnutrition, inbreeding and disease, and 
these are the major obstacles to making livestock a profitable
enterprise. Moreover, poorly managed livestock have degraded forests, 
prevented regeneration, increased erosion and generally adversely 
affected the mountain environment.
Livestock are, however, very important for nutrition improvement, 
ploughing and transport. There is a considerable demand from farmers 
for improved livestock of all types. There is a major potential for
raising mules in the study area for transportation. Stall-feeding, 
which is common, has good prospects for improving livestock production.
2.5.5 Horticulture
The climatic variations in the district makes it possible to grow 
a wide range of temperate fruit crops. Most of the cultivation
practices are traditional. The farmers usually have a few trees of
different types of fruit which are used for home consumption.
Therefore, the impact of the horticultural tree crop sector on the farm 
economy is minimal. Even though the government agricultural farm in 
Dhunche, set up in 1970's, was concerned with apple farming, its 
influence on horticultural development in the study area had been
limited at the time of the survey. There was no special horticultural 
programme during phase I of R/N IRD, although there were several
potential crops mentioned. However, there are number of privately 
owned traditional orchards, mainly apples, in the district. These
orchards run at a good profit and because of their demonstration
effect, the farmers in the study area are demanding more apple trees.
Besides apples, there are a number of other fruits, including guava, 
plum, banana and peach, which contribute considerably to total 
production. Nevertheless, they either come into the market in small
quantities, or not at all. If they do come to market they do not get
good prices. The total, estimated, number of fruit trees in Rasuwa was 
60,173 with an estimated production of 440 Mt, of which apple trees 
numbered 30,557 with estimated production of 153 Mt (APROSC, 1983, 
Annex 6b, p.2).
Considering the local agroclimatic conditions, the topographical
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advantages and the existence of a large potential market, the R/N IRDP 
Second Phase Project Preparation recommended the development of apple 
orchards in Rasuwa. The same report also showed the potential for
walnuts. Walnut growing would benefit the area, not only because of 
walnut's high value as a non-perishable fruit, but also because of the 
valuable wood and tree control of soil erosion.
A description of the farming practices of apple and walnut are 
given below, because of their cash crop potential.
Apples
The apple (Malus Pumila) is a native fruit of Southwestern Asia 
and has been cultivated in temperate regions of the world from time 
immemorial. Among the different temperate fruits grown in Rasuwa, the 
apple is by far the most important. Many, but not all, apple growers in 
Rasuwa produce fruit of good quality. Different varieties of apples are 
grown in the study area. They include Royal Delicious, Red Delicious, 
Golden Delicious, Ana, Crispin, Katya, Merid and Greenthies.
Apples are generally grown at an altitude of 1000 to 2500 meters. 
They are normally planted in late winter (Last week of January), after 
the danger of frost is over. Generally, year old plants, purchased 
from the Dhunche agricultural farm, were planted fairly haphazardly, 
and young apple trees were given minimum maintenance or care. Only a 
few successful apple farmers prune their trees regularly. They do this 
immediately after the rainy season is over and sometimes in winter. 
Thinning of fruit trees was rarely done. As the farmers profited from 
apples, they started fertilising their apple orchards, by using compost 
and chemical fertilizers.
The harvesting of apples take place from August to October. The 
harvesting of some varieties starts as early as August and continues to 
November. The estimated average yield of mature tree (15-18 years) was 
70 Kg. Dhunche, Trishuli and Kathmandu are the main markets for the
apples.
Walnuts
The Persian or English walnut (Juglans regia, Family Juglandaceae) 
is the most important nut crop in the Himalayan region and grows
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between altitudes of about 1000 to 2000 meters. As walnut roots 
penetrate into a depth of about 3 meters in the Hills, walnut trees 
protect the soil from erosion.
Hard shell walnuts and thin shell walnuts are the important 
varieties found in the study area. Most of the walnut trees are 
scattered and there are very few regular plantations. Hundreds of trees 
can be seen around the district. R/N IRDP 1983 survey found 305 walnut 
trees producing less than a ton of nuts. Most of the walnut trees came 
from the Dhunche agricultural farm at a year old and were transplanted 
in late winter. The existing walnut trees were neither fertilized nor 
pruned. Walnuts are generally harvested in September-November. The 
estimated average yield of a mature tree is 35 Kg.
The walnut kernels are used in confectionary and for the 
extraction of oil. Walnut timber is used for carving and furniture of 
high quality. The bark is used by women for cleaning their teeth. Thus 
walnut has a good domestic and international market and fetches a good 
price. Because of this, farmers have realized the importance of walnut 
growing.
Some technical recommendations for the cultivation of apples and 
walnuts in the Hills of Nepal are presented in Appendix A.
2.6 Agricultural Institutional Services
Institutional services in the study areas are still 
unsatisfactory. Most of the prominent government and semi-governmental 
institution are located at the district head-quarters, Dhunche. Some 
government support services are operated at service center levels, but 
these are not very effective.
2.6.1 Agricultural Extension
The district agricultural development office (DADO) of Rasuwa is 
responsible for agricultural extension activities. In addition, there 
are four agricultural service centers under the DADOs. Their objective 
is to facilitate transfer of improved technology and inputs. DADO has 
responsibilities for planning, programming, co-ordinating and 
supervising the execution of agricultural activities, from the district 
level to the service center level and the panchayat level. Each service 
center is headed by a junior technician (JT) who develops programmes
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and supervises the activities of at least two junior technical 
assistants (JTAs) and six to ten agricultural assistants (AAs). 
Extension activities, such as "result and method demonstrations", home 
and farm visits, farmer training, agricultural exhibitions and fairs, 
seed multiplication and distribution of minikits are used to encourage 
farmers to change from traditional agricultural practices to new 
methods of cultivation. This has brought some limited agricultural 
development to the district but progress is limited as targets have not 
been achieved.
R/N IRDP was initiated to boost agricultural production in Rasuwa 
and Nuwakot districts, relying mainly on agricultural extension 
activities. The project aimed at an overall increase in agricultural 
production from intensified extension services. It aimed to discourage 
migration from the Hills to the Plains and to induce diversification 
from pure subsistence to market oriented production. The project has 
succeeded to some extent in making farmers aware of improved methods of 
production. Their reluctance to adopt these practices is mainly due to 
lack of irrigation facilities, timely availability of agricultural 
inputs, technical supervision and agricultural credits. Moreover, the 
project suffered from 'top-down' plans being imposed on it. Village 
Panc'nayats were asked to submit plans, but since they were given no 
control over resources, their plans amounted only to shopping lists 
(Uphoff, 1985, p.371).
It is often complained in the district as well as in the 
centre that the different sectoral agencies hold to appraisal 
(document) provisions as sacrosanct as the teachings in the 
Gita (the Hindu equivalent Bible) (Shrestha, 1980, p.98 in 
Uphoff, 1985, p.367).
Realising this R/N IRI) Second Phase Preparation Report recommended 
the highest priority for the involvement of the local people as the 
central vehicle for the implementation of micro projects. Moreover, the 
report suggested that the structure of planning and implementation in 
the project would be re-organised taking cognisance of the 
Decentralisation Act (1982) so that they would be carried out by the 
intended beneficiaries and local development staff at the Panchayat 
level (APROSC, 1983, Summary). The report further recommended a shift 
of project co-ordinator's office from Kathmandu to project area.
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2.6.2 Agricultural Research
The horticultural station at Dhunche, situated at 1950 m, with an 
area of 16 ha., has been converted to an agricultural farm. It is 
responsible for carrying out research activities in the study areas. 
The farm is concerned with the temperate fruit, vegetables and high 
altitude crops. This farm mostly supplies plant samplings and vegetable 
seeds. The farm is to become the center for innovation in the hill 
farming, emphasising the selection and verification of, and
recommendations for different temperate crops and horticultural tree 
crops. To date only limited research had been carried out. Moreover, 
some of the necessary research had also being done by other 
agricultural and horticultural farms of the R/N IRD project areas.
Because of the complexity of hill agriculture, there is still a 
great need for appropriate farm-oriented research, especially for small 
farmers. Thus the farm at Dhunche, has an important role to play in 
the future.
2.6.3 Training
There are Regional Training Centers (RTC) at Trishuli for the 
training farmers and junior level extension workers. The agricultural 
farms also have training facilities, though these are not always 
adequate. Training has been theoretical rather than informative, 
practical or field oriented. Problems of poorly trained instructors,
inadequate manpower and insufficient infrastructure have hampered the 
RTS.
2.6.4 Agricultural Input Supply
The Agricultural Input Corporation (AIC), located at Dhunche
mostly supplies seeds, chemical fertilizers, agricultural tools and 
insecticides to Sajha Societies (Cooperatives), which are used as 
agents to distribute inputs at the Panchayat levels.
One of the important inputs supplied by Sajha, is chemical 
fertilizer. The importance of the chemical fertilizer programme lies 
not only in the agricultural value of the fertilizer but also in its
value as a catalyst for the promotion of other improved agricultural
practices in the district. The sale of chemical fertilizer has 
increased in every year, except 1978/79 (APROSC, 1983, annex 6d p.3).
27
However, the supply is charecterised as inadequate and untimely. 
Furthermore, quality seeds and insecticides were generally unavailable. 
This was because of the often unrealistic demand assesments, delays in 
procurements and inefficient distribution practices.
2.7 Agricultural Credit
The main source of institutional credit for the agricultural 
sectors in the study area are the Agricultural Development Bank, Nepal 
(ADB/N), which functions through branches and Sajha societies. The 
Nepal Bank, a commercial bank is an other source. Four ADB/N offices, a 
commercial bank and six Sajha societies are providing such services.
The ADB/N provides short, medium and long term credits. It 
sanctions loans either directly to the individual borrowers or through 
Sajha societies. A total of Rs24.4 million was disbursed in the R/N IRD 
project area over the six years 1976/77 to 1981/82, of which 16 per 
cent went to Rasuwa. During this period, short term loans constituted 
the largest proportion (60 per cent) of all loans; of this short term 
production credit only approximately 63 per cent of total loans 
disbursed had been repaid (APROSC, 1983, Annex 6d, p.2).
Private credit agencies in the study area are village money 
lenders, professional money lenders, big farmers, friends and 
relatives. Farmers mostly depend on private credit agencies because of 
illiteracy and poverty. They were reluctant to take institutional 
credit, because of the paperwork involved. Many better educated and 
financially sophisticated borrow from the institutions and, in turn, 
lend the money to the poor small farmers. According to the credit 
review survey, 1976/77, published in 1980, by Nepal Rastra Bank 
(Central Bank), the maximum rate of interest charged by money lenders 
ranged from 10 to 50 per cent per annum. However, the most common 
interest rate in the study area averaged about 30 per cent per annum.
2.8 Agricultural Marketing
Rasuwa is a food deficit district. It would be wrong, however, to 
assume that marketing is related only to surplus production. 
Subsistence farmers also occasionally have to sell their produce 
immediately after harvest time, usually at depressed prices, in order
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to obtain the cash to repay debts, purchase daily necessities and, in 
some cases, because of inadequate storage space. R/N IRDP second phase 
project preparation classified the agricultural markets as follows:
- Village-level barter deals
- Sale to Middlemen or Traders (Byaparies) in the farmer's own 
village or nearby
- Sale to cottage industries
- S^le to Byaparies in major centers like in Trishuli and 
Kathmandu.
Two Hat bazaars (Local markets) where buyers and sellers get 
together on given days on a weekly, fortnightly or monthly basis, were 
organised within the study area. These are important venue where local 
producers meet buyers, both local and outsiders to trade their goods.
The study area has to import food from food surplus areas. Nepal 
food corporation (NFC) is responsible for procuring food from Terai, 
and transporting and distributing it in the deficit hill areas during 
lean periods. The quantity of coarse, parboiled rice sold by NFC in 
Rasuwa during the past few years is given in Table 2-2






Source: APROSC, 1983, Annex 13.
* Quota amount only. Government Provides the cereal 
quota for the food deficit Hill Districts every Year.
Substantial costs were incurred in this exercise, particularly for 
transportation. Surplus produce, which needs to be transported out of 
the area, also has high transportation costs imposed on it. Some of 
these problems will be greatly reduced by the construction of a road, 
presently being built through Rasuwa. Electricity is also being 
extended from Trishuli to Ganesh Himal, which should further ease some
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of these problems. The new road will pass through four service centers 
in the study area. This will not only open new markets for existing and 
new agricultural products but will also cut transportation costs. 
Moreover, the use of mules from farms to road collection points or 
service centers will also reduce costs significantly. The improved 
transportation situation coupled with electrification, should improve 
prospects for the investment in horticultural tree crops, small and 
cottage industries, especially for processing.
Identifying marketing problems and opportunities and providing 
plans and market information is a continuous process. R/N IRDP, Second 
Phase Project Preparation Report, therefore encouraged small farmer 
groups to form marketing associations (SFMA) within their own village, 
group of villages or Panchayats. These associations are to be set up by 
farmers under the strict supervision of a group organiser and the 
"Market Research Officer ". A depot is to be established in the service 
center for collecting surplus, perishable farm product such as fruits 
vegetables and livestock products. The officer is to assist in 
identifying possible market outlets and prevailing market prices and 
work closely with associations to assist their development. The 
marketing officer is also to be responsible for helping the groups, or 
SFMA, develop links with private traders in Trishuli and Kathmandu for 
marketing their products.
2.9 Small Farmer's Group
Small farmers owning less than 1.0 ha. of land and with annual per 
capita income of less than NRS960, comprise over 75 per cent of 
households in the project areas ( APROSC, 1983, Vol . I, p. 32). In 
Nepal, Small Farmers Development Project (SFDP) was introduced in 1975
Ofirst as a pilot programme in Nuwakot. The programme has made 
significant progress in improving the living standards of small 
farmers. Fourteen groups of small farmers, consisting of 136 members 
are operating in the study area. The main objective in formulating 
SFDP's are:
^One of the two districts of R/N IRDP.
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- To enhance the access of the small farmers to government 
services by forming them into socially cohesive groups around 
sound economic and social activities with the help of group 
organizers (GO) and line agencies staff.
- To develop self-reliance among small farmers so that they are 
able to organise and mobilize their own resources.
- To enable the small farmer's movement to take root and 
envolve naturally into the form of a group federation at 
Panchayat and Service Center level to reinforce the 
effectiveness of small farmers institutions and co­
operatives .
(APROSC, 1983, Annex 2, p. 3)
Small farmers normally identify their problems and put them to the 
group for the solution, with the help of different line agencies. Group 
activities in the study area include adult education, drinking water 
supplies, livestock and forest development activities. Particularly in 
local Panchayats, the establishment of Co-operatives has been a major 
achievement (APROSC, 1983, Annex 2, p.l).
R/N IRDP (1983) recommended that SFDP be the central vehicle for 
reaching small farmers with development activities. The programmes of 
different line agencies would act through the SFDPs to raise the 
standard of living of small farmers. That report further proposed that 
the project would represent the first step nationally to 'saturate' 
areas with SFDP groups. Thus, all 18 Panchayats of Rasuwa would be 
fully covered by SFDP groups within five years of its implementation.
2.10 Summary
This chapter has given description of the Rasuwa district of 
Nepal. The Rasuwa district will serve as the horticultural 
intercropping model presented in this study. On the basis of the 
evidence available in the Rasuwa district, a set of detail assumptions 
will be made in the Fourth Chapter and different models for 
horticultural tree crop intercropping with cereals will be constructed 





The purpose of this chapter is to examine the techniques that will 
be applied for the evaluation of the horticultural tree crops and 
intercropping models. The basic aim is to establish the technical 
details which are important in determining the input/output 
relationships adopted for the analysis. A dynamic technique of farm 
budgeting and the decision criteria for the economic analysis of 
different cropping systems, will also be reviewed.
3.2 The Methods Used for Farm Planning
The farm planning methods commonly used by Nepalese small farmers 
in the Hills are traditional in that they are based on "comparison". In 
other words, a farmer takes the neighbouring farms as potential models 
and makes informal comparisons and judgements on possible modification 
to conventional methods of farming.
In order to widen the scope of farm enterprises available to 
Nepalese farmers the different research institutions have developed a 
number of enterprise models to be implemented by Ministry of Food and 
Agriculture (MFA). These models have been developed for a number of 
cereal crops and horticultural crops separately, but little work has 
been done on integrating these enterprise models into the whole farm. 
Furthermore, farm operation project formulation associated with 
horticultural tree crops has been done on the basis of simple budgets 
which have not applied any form of discounted cash flow analysis.1
In developing countries, multi-year farm unit planning is 
currently done without the benefit of mathematical polyperiod decision
1 For detail see APROSC, 1975.
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models, even though Dean and De Benedictus presented a framework for 
such models in 1964 (John and James, 1980). Decisions about crops, 
horticultural tree crops, vegetables, fodder and livestock systems, the 
size of land employed and credit are generally made on the basis of 
visual comparison of relatively few factors of production. Such 
comparisons involve estimating returns over a period of many years, so 
that changes are slow to take place. A formal analysis of multi-period 
farming systems or system components are often monotonous, and tedious 
and difficult to sustain in a developing country context. The 
iterations of data collection, analysis and feedback tend to be much 
more immediate in the case of annual crops.
Farm planning in developed countries has reached a high level of 
sophistication with static and dynamic annual or multi-period decision 
models using linear programming and dynamic systems with 
interdependence over time. The decision criteria used in these models 
range from unrestricted global profit maximization to local profit 
comparison, restricted as to risk and other factors. Such systematic 
farm planning at the micro level is made possible because of widespread 
education and the availability of low cost computational facilities. It 
is cost effective because of the potential increase in profits on large 
commercial farms. The cost involved can be born either at the farm 
level or by the services of lending institutions which support them 
(Karunanayake, 1982, p.61). However, the advantages gained from these 
methods are not available to small subsistence farmers of the Hills of 
Nepal, because any potential change in their income would be too small 
to support the cost of analysing the farm operation via sophisticated 
decision models. Thus they are forced back on tradition, plus the 
recent addition of District Hill Agricultural Decision Models developed 
by the research institutions to be implemented by the MFA. R/N IRDP 
(1983) also prepared some farm models for different cereal crops and 
horticultural tree crops. However, these models did not take into 
account the possibility of intercropping horticultural tree crops with 
cereals like maize, millet, potato etc. The report prepared the simple 
budget for temperate horticultural tree crops intercropping with peas 
for 20 years as one of the models in the horticultural component. 
However, all the costs and benefits of all the horticultural models
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designed for the project were inputed along with other budget 
components in the whole project budget. In other words, the report did 
not show the profitability of each horticultural model over time in 
horticultural component of the project. In particular, the report did 
not show explicitly the profitability of apples or walnuts.
Detailed micro-level studies examining the economics of 
enterprises and enterprise combinations, using both production 
functions and linear programming, have stressed the potential of fruit 
and vegetable production in the Hills (Calkins 1976, 1981 and 1982). 
Although static in nature, these studies emphasised the importance of 
these crops for profitability and trade, nutrition and employment.
Our present exercise attempts a more thorough analysis of the 
economics of tree crop production and also aims to investigate the 
economic benefits associated with horticultural intercropping models. 
These ex-ante models show the basis for evaluating and comparing the 
relative profitability of alternative investments. Such models are 
usually essential in analysing agricultural projects, even when they 
involve a group of farms, because they attempt to forecast the costs 
and benefits over a specified period (Brown, 1979, p.3). An important 
aspect of this study is that the approach adopted is relatively simple 
and could be replicated by the MFA.
All agricultural researchers recognise that the process of 
diagnosis and design (D and D) for new technologies is an iterative 
process. This idea is clearly presented in Figure 3-1 (Etherington, 
1984, p.75). In this study, Chapter 1 has diagnosed the problem and has 
discussed some possible future directions. An iterative 'design' phase 
now follows, starting with the basic question as to whether there are 
any contributions that horticultural tree crops can make to mitigate 
the specified problems. Thereafter, each iteration becomes more focused 
on the relative merits of alternative technologies with specific 
horticultural tree crops and spatial and temporal arrangements being 
examined (Etherington, 1984, p.75). The farm models designed in Chapter 
5 would clearly require successful field trials before being strongly 
advocated by extension services. Tlius the 'Diagnosis and Design' being 
undertaken in this study is bul an early phase of project 
identification in an overall project cycle.
F i g u r e  3 - 1 : D i a g n o s i s  and D e s i g n  a s  an I t e r a t i v e  P r o c e s s  
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In general the analysis of cropping systems for farm planning 
(including annual crops) uses a wide range of techniques from "whole 
farm" linear programming (Barlow et al at IRRI, 1979) and "programme 
budgeting" models, down to relatively simple partial budgets at the
activity level. Each technique has its own advantages, so that while 
the large-scale LP models have a fundamental research orientation, the 
budgeting techniques serve a didactic role in demonstrating the 
economic benefits of changes in crops or cropping patterns
(Etherington, 1981).
Etherington (1981) suggested that the fact that partial analysis 
of specific quantitative changes are considered necessary for the 
analysis of annual cropping systems 'bodes ill' for the successful 
presentation of 'simplified' quantitative economic assesments of the 
perennial cropping systems proposed by research institutions 
particularly when they move away from monocrop systems. If it bodes ill 
on quantitative grounds, it is even more likely to do so on qualitative 
grounds. This is especially likely to be so in the case of complex 
integrated tree-cropping systems. Thus Mollison and Holmgren (1978) 
noted that the nature of the work in these systems is important
because, rather than requiring the menial and repetitive labour for 
sowing, ploughing and reaping in a labour-intensive annual crop system, 
work in permaculture (integrated tree crops) systems usually involves 
observation and control (Mollinson and Holmgren, 1978, p.9, cited in
Etherington, 1981).
The question then arises as to how farming systems are to be 
evaluated. Conway (1985) suggested four criteria for ranking of
alternative systems in his paper on "Agricultural Ecology and Farming 





His idea is easy to communicate from his own diagram (Figure 3-2) He 
had defined his terms as follows:
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F i g u r e  3 - 2 :  S y s t e m  C r i t e r i a  (Conway 1984)
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Productivity is the net increment in valued product per unit 
of input.
Stability is the degree to which productivity remains 
constant in spite of normal, small-scale fluctuation in 
environmental variables, such as climate or in economic 
conditions.
Sustainability can be defined as the ability of a system to 
maintain its productivity when subject to stress or 
perturbation. A stress is here defined as a regular, sometimes 
continuous, relatively small and predictable disturbance, for 
example the effect of growing soil senility or indebtedness. A 
perturbation, by contrast, is an irregular, infrequent, 
relatively large and unpredictable disturbance, such as is 
caused by a rare drought or flood or a new pest or a major 
political upheal.
Equitability is a measure of how evenly the products of the 
agroecosystems are distributed among its human beneficiaries.
The more equitable the system the more evenly are the 
agricultural products, the food or the income or the resources, 
shared among the population of the farm, village, region or 
nation
(Conway, 1985, p. 46-47).
Such criteria have a longterm theme. However, as Etherington 
(1985,p.3) commented
Agricultural economists too often lose sight of intra-year 
fluctuations in resource and product flows whenever they turn 
to inter-year considerations in farming systems. The converse 
also applies.
Thus he argues that
In Conways terms, in farming systems we are either 
interested in short run 'stability' or long run
'sustainability', but rarely both. For example, cropping 
systems analysis of annual crops typically takes the longer 
tern as 'given' and concentrates on within-year stability. In 
similar style, when dealing with perennial crops lasting for 
many years, seasonal variations are typically left out of the 
cash flow analysis. That is, we concentrate on long— run 
sustainability and ignore intra-year stability.
(Etherington, 1985,p.4)
Within seasonal analysis of annual crops it is appreciated that 
every technology has a distinct time-subscript. Such time-subscripts 
are also a feature of perennial crop intercropping situations where
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competition for biological resources varies with the size and maturity 
of components (Willey, 1979, Huxley, 1981, cited in Etherington, 1985, 
p.4). However, the switch from seasonal to annual time-concerns can be 
oversimplistic. Seasonal fluctuations in yield and labour-use patterns 
are often important with tree crops. The seasonality of two varieties 
of a fruit tree may be the prime cause of their economic 
distinctiveness. This can hold true for woody-perenniaIs in general, be 
they grown for fruit, fodder or shade (Etherington, 1985, p.4)
The introduction of horticultural tree crops intercropped with 
cereals as a new component to the farming systems in the Hills is aimed 
at improving the well-being of the Hill people. However, this will 
cause considerable changes in the farming systems, not the least being 
a shift from pure subsistence to semi-subsistence. If the incomes of 
the Hill people are to be increased, the feasibility of horticultural 
tree crops need to be carefully studied. Although partial budgeting 
techniques are used to analyse proposed cropping systems, care will be 
taken to include as many "whole farm" considerations as possible.
3.3 Partial Budgeting
models resulting from one or more courses of action, compared with 
the present position. In such situations, sunk costs such as capital 
costs (eg. capital outlays on building, equipment and general charges) 
do not need to be included in the analysis unless they are part of the 
change. Similarly, costs such as rent, which are common to all crop 
alternatives, are also omitted. The approach requires that all variable 
costs such as labour, seeds, chemicals, fertilizers, and materials are 
assigned to particular enterprises. The annual cash flows or annual net 
returns are obtained by deducting the inputs costs from the output 
revenues, which depend on both the value and volume of output. The long 
term nature of the investment in horticultural tree crops requires that 
explicit account to be taken of time because once a plan is put into 
operation, the farmers are commited to this selected course of action 
for decades rather than months.
The direct comparison of the gross margins from mature 
horticultural tree crops with those of annual cereal crops is not a 
true guide for decision-making, because annual crops provide a return
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for each year of their cultivation while tree crops only provide 
returns after a delay of several years. Most realistic annual budgets 
take note of the timing of farm operations, however, they usually 
ignore the cost of the passage of time. Partial budgets for perennial 
crops cannot do this, they must take explicit account of time 
(Jayasuriya, 1976 and Etherington, 1977). This study follows the 
Hicksian criterion that shows the different streams of net revenue
resulting from alternative input strategies, compared to their
ocapitalised or present value. This can be done by using the three 
standard economic criteria, namely the Sum of Net Present Value (SNPV), 
the Benefit/Cost Ratio (B/C ratio) and Internal Rate of Return (IRR), 
to determine the economic viability of the proposed tree cropping and 
intercropping systems. In addition, the SNPV is converted into an 
annuity (the discounted annual average return) for comparison with 
annual crops. These criteria all focus on Conway's 'productivity' 
criterion. His other, important, criteria will also be discussed in 
relation to the proposed cropping systems.
Thus, budgets for horticultural tree crops need to be dynamic in 
the sense that a planning dimension of more than one year must be taken 
into account. At the farm level this procedure is known as 
multi-period budgeting. The techniques used are basically the same as 
the discounted cash flow that is standard with benefit-cost analysis at 
the project level. Such analyses have been made much easier with the 
advent of microcomputers and electronic 'spreadsheets'. This study uses 
a 'special purpose' software package designed for farm level analysis. 
This package, called MULBUD (for multi-timeperiod, multi-enterprise, 
budgeting), can be likened to a template for a spreadsheet, and will be 
reviewed in the next section.
3.4 MULBUD Computer Package
The multi-enterprise, multi-period budgeting (MULBUD) computer 
package designed by Etherington and Matthews (1984, 1985) is aimed at 
assisting in the economic appraisal of land-use systems involving 
trees, either as "sole" enterprises or in combination with other
^For detail see Hicks, 1948
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Oenterprises. The package handles multiple enterprises, products and 
time periods and provides farm budgets of such systems. The logic of 
package is shown in Figure 3-3.
MULBUD facilitates a dynamic view of the life of tree crops. It is 
a simulation tool, that can be used to model farms of different size, 
or fields within a farm. Individual enterprises can be varied in size 
shifted in time, and then can be brought together to make a complete 
farm plan, it has many "user friendly" features that include summary 
results of SNPV, Annuities and B/C ratios as well as time flows. It 
facilitates sensitivity analysis of the key variables. Moreover, the 
package provides facilities for the task of editing and scaling, which 
may be useful to correct input, output and price assumptions and allow 
changes in size of farm area units and/or currency units (Etherington 
and Matthews, 1985, p.4). Since changes to assumptions can easily be 
made, Etherington and Matthews suggest that the package does not give 
a£Xur0£va but gives a\T€pvare<peo which can then be carefully reviewed 
in the decision making process.
Fundamental to MULBUD is the building up of 'minimum consistent 
enterprise data sets’. They include both descriptive as well as 
quantitative data. The MULBUD input forms require the uses to 
explicitly specify the names of inputs and outputs , their units, 
prices and quantities. Page 1 of the form requires the basic background 
information on the physical environment, plant spacing, the currency to 
be used, and certain parameters defining dynamic changes in land use. 
Page 2 handles the labour inputs. Page 3.1 of the data form is for 
specific categories of material inputs, while page 3.2 allows for fixed 
or variable additional inputs. Page 4 requires information about family 
labour availability and wage rates and page 5 requires product(s) or 
output(s), output prices and output related labour-use functions for 
harvesting, processing and selling. All input and output quantities and 
some prices are defined as Time Period Vectors (TPV) over the relevant 
time horizon.
The input and output must be defined in relation to area (the 
'area unit'). For example, in this study, all the input and output
O For detail see Etherington and Matthews, 1985
Figure 3-3: Flow Chart of MULBUD
Sou rce: Etherington, 1985
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data relate to a half hectare. The package allows the user to 
sub-divide the total number of time periods available (200) into any 
appropriate combination of "years" and "seasons". For example, the 
horticultural tree crops in this study are analysed over 25 years with 
each year sub-divided into six 2 month seasons. This makes 150 time 
periods in all. Completed data forms of apple and walnut are presented 
in Appendices B and C.
For Modelling in MULBUD, one or more 'minimum consistent 
enterprise data set' are required. The first data set in a model is the 
'base enterprise' which can be scaled to cover the required proportion 
of the land. The "base" enterprise is typically that with the longest 
life because the number of years of this data set defines the total 
number of time periods of the multiple- enterprise budget. Enterprises 
that are introduced into a budget must be compatible with the base 
enterprise in terms of




- Labour unit ;
- Soil depth and slope
As each enterprise is introduced, it can be scaled to a size and 
shifted in time to enter the budget at a particular time period.
MULBUD also facilitates development of credit schedules, but these 
are optional.
Whether analysing a single enterprise data set or a model composed 
of a number of data sets, MULBUD produces a set of standard scalar 
measures will be used to judge whether a project (enterprise) is 
worthwhile. These include the Sum of the Net Present Values (SNPV), the 
Amortized Net Value (ANV), the Internal Rate of Return (IRR) and 
Benefit/Cost (B/C) ratios.
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3.5 Sum of Net Present Value
The Sum of the Net Present value is computed by finding the 
difference between the Sum of Present value of the benefit stream, less 
the Sum of Present value of the cost stream (Gittinger, 1982, p.319). 
Thus Net Present Value (NPV) of return after one year of investment is
NPV _ RJ _  or 5il£l(1+r) (1+r)
Where,
NPV = Net Present Value 
Bj = Gross benefit in year 1 
= Gross cost in year 1 
Rj = Net return in year 1 
r = Discount Rate
(3.1)
The SNPV of the future return stream Rj , R2 •... RT over the finite 
time horizon T. when the discount rate is assumed to remain constant, 
is then:
SNPV = R0 
Where, Rq is
R t=T+ +__R2__ +__RT__= _  Rt___
(1+r) (1-r)2 (1+r)T A)  (1+r)t
the net return of the present year.
(3.2)
3.6 Annuity or Amortized Net Value
The Annuity (Amortized Net Value) is the constant amount per time 
period that would give the same SNPV as the variable returns (R^) in 
(3.2). Thus the Annuity is computed from the SNPV as follows:
A = SNPV (3.3)
(l+r)n - 1
where,
A = Annuity 
r = Discount Rate
As a constant amount per time period, the Annuity from 
horticultural tree crops can thus be compared with the annual returns 
expected from alternative uses of land.
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3.7 Internal Rate of Return
IRR is that rate of discount which makes the Net Present Worth of 
the project equal to zero. Thus the IRR may be expressed as:
0




The net returns stream R^ , R2 , .... R^ for the finite horizon, T, 
is common to both the SNPV and the IRR. The IRR criterion solves for p 
while in the computation of the SNPV, the discount rate (r) has been 
given. This discount rate is usually the opportunity cost of capital or 
real rate of interest rate. The investment decision will be implemented 
if and only if p > r.
The SNPV and IRR may not show the same ranking of investments. A 
small investment may have a larger IRR than a larger project, in which 
case it would be ranked above the larger investment according to the 
IRR criterion. But if larger investment yields a larger SNPV then it 
will rank above the smaller one, according to the SNPV criterion.
Yotopoulos and Nugent (1976) explained that the use of IRR may be 
misleading
- If interest rates vary from one period to another, there is 
then no single r to compare with p
- The SNPV of two investments makes one superior or inferior to 
another at different discount rates, as the SNPV may not be a 
monotonic function of the discount rate.
A very important problem with IRR is that they may not be unique. 
In other words, there can be multiple rs that makes (3.4) true. This is 
likely to be the case if the flow of R^ is not 'well behaved' in 
starting negative and becoming positive, but rather fluctuates between 
being positive and negative. In agricultural projects, especially with 
seasonal data, such fluctuations are highly likely. Thus the IRR 
criterion can sometimes lead to erroneous answers (Helmers, 1979, 
P • 98 ) .
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3.8 Benefit-Cost Ratio
A Benefit-Cost, ratio is obtained when the present worth of the 
benefit stream is divided by the present worth of the cost stream 
(Gittinger, 1982, p.343). The selection criteria is to accept all the 
independent activities that have a ratio greater than 1, when 
discounted at an appropriate discount rate. In this study the 
'appropriate discount rate' chosen is 13.5 per cent. The reason for 
this choice is given below. The B/C ratio provides a quick 'rule of 
thumb' check on the break-even situation of an enterprise (Etherington 
and Matthews, 1985, p.42).
B/C ratios are not suited for choosing the between mutually 
exclusive projects that are of very different sizes or independent 
projects (Gittinger, 1982, p. 345-346). The other problem with the B/C 
ratios is that the higher the discount rate, the lower will be the B/C 
ratio in any particular case. Therefore it is not useful for choosing 
between projects which have used different discount rates (Helmers, 
1979 and Gittinger, 1982). Helmers (1979, p.99) pointed out another 
possible problem: that ratios do not correctly rank criterion in the 
absence of capital constraints. Possibly, for this reason, Etherington 
and Matthews (1985, p.42) provide three additional useful ratios in 
their MÖLBUD computer package. A material costs B/C ratio shows the net 
benefit attributed to material costs and assumes that these costs (as 
opposed to only labour costs) form the binding constraint. The B/C 
ratio for cash costs is the second additional ratio and emphasises that 
all cash costs (material and hired labour) may be the constraint. 
Finally, there is a B/C ratio of fixed costs where the net benefits are 
attributed to the fixed costs of the enterprise (or project).
3.9 Consumer Time Preference and Discount Rate
One obvious problem with the SNPV is that it cannot be calculated 
if there is not a satisfactory estimate of the "opportunity cost of 
capital" (Gittinger, 1972, p.75). Individuals vary in their time 
preferences so that, the higher they value of their present 
consumption, the higher will be the minimum acceptable rate of return 
on capital. But the level of time preference generally varies according 
the level of income. Because poor farmers want to survive until the
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next harvest ‘ rather than invest for the future, they will invest only 
in those activities which provide a relatively high rate of discounted 
return. Moreover, attitudes to saving and investment vary over an 
individuals life-time, mostly influenced by life expectancy. As a 
result, a farmer may discount future returns more heavily as he grows 
older, or he may not be willing to make more sacrifices. Therefore 
there may be a high discount rate.
Because of the complexity of the problem of personal discount 
rates, the decision maker may decide to use a set of different discount 
rates in the calculation in a form of "Sensitivity Analysis”. As 
Gittinger (1982, p.314) suggested the "Opportunity cost of capital" is 
the best discount rate if it is correct to to assume that every farmer 
has an equal opportunity to invest money in the bank. In this study, a 
rate of 13.5 per cent is used as discount rate. This is the maximum 
rate on deposits with the commercial bank of Nepal on two-year 
deposits. This is an extremely high real rate of discount to use since 
the recent rate of inflation in Nepal has been about 12 per cent (12.4 
per cent in 1983) implying a real bank rate of only about one or two 
per cent. Such a low rate of discount is considered unreasonable for 
poor communities and the selected rate has the added advantages of 
being conservative for the assesment of the proposals and being close 
to the rates used (12 and 14 per cent) in the R/N IRD Second Phase 
Project Preparation Report (1983).
3.10 Sensitivity Analysis
Profitability and hence decision making depend entirely on the 
accuracy of prices, yields, cost and discount rates. In the real world, 
risks and uncertainties are difficult to quantitify. Therefore a lot of 
assumptions have to be made for valid and conclusive decisions. Thus, 
sensitivity analysis must be done to calculate the effects of changes 
in key assumptions. It may be used to test what happens to the earning 
capacity of the project if events differ from guesses made about them 
in planning (Gittinger, 1982, p.363). In this study, the highly 
variable constraints, namely costs, prices, and yields are subjected to 




The input-output data for economic analysis were assembled from a 
wide variety of reports: primarily from the R/N IRDP, Second Phase 
Preparation Report, 1983, Census data of Rasuwa District, 1981, and the 
Agricultural Diary, 1985, prepared for extension workers. The data were 
converted into periodic bases from these reports, in consultation with 
agricultural and horticultural experts in Nepal by telephone and 
letter, and from personal experience in the study area, as one of the 
members of the project preparation team in R/N IRDP, 1983. Moreover, 
the data were doubled checked by library research of comparable 
situations in India. To make it as authentic as possible, a cross check 
of inputs and outputs were made between different sources.
3.12 Limitations of Study
This study is confined to the observation and the diagnosis of the 
problems of one particular region in the Hills of Nepal and the design 
of a Horticultural project, as it might be seen from the farmers point 
of view. Because of limitations of time and data, it does not take 
into consideration a full economic and social cost benefit analysis 
from the National point of view. Neither does the study examine the 
transportation and marketing aspects in detail. nor the detail 
organization and management of the Small Farmers Group (SFG) orchards 
and their credit requirements. This study should be viewed as an early 
iteration in the Diagnosis and Design procedures (Figure 3-1) 
attempting to examine in detail some possible improvements in the 
profitability of "pakho" land in the Hills. It questions whether the 
increased profitability or productivity are sustainable and stable and 
briefly looks the equitability issues. Further studies will be needed 
to verify and modify the findings.
3.13 Conclusion
This chapter highlights the methods of farm planning in the Hills, 
uses of multi-period multi-enterprises budgeting, decision criteria for 
the profitability of the projects, the MULBUD computer package, sources
of data and the limitation of the study. The financial criteria
employed in thi s study will be the SNPV with Amortized Net Value
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(Annuity), IRR and B/C ratio used for comparing and ranking of 
different farming modeis. The MULBUD computer package facilitates the 
economic assesments of horticultural tree crops as well as 
intercropping models. It shows the dynamic view a of farm's movement 
towards " maturity". The budgeting techniques used do not give optimum 
solutions but alternatives. Keeping in mind these alternatives, the 
decision makers can make their final decision for the suitability of 






This chapter is crucial to the study because it seeks to set out 
as fully as possible the precise assumptions used in building a series 
of farm models for orchards in the study area. It first describes the 
assumptions for the different farm sizes to be modeled. Secondly, it 
takes up the issue of labour availability and wage rate assumptions for 
the different cropping system models. This is followed by a 
presentation of the detailed assumptions regarding input/output 
coefficients. The next chapter discusses model building in more detail 
and analyses the selected models.
4.2 Model Farm Sizes
Two household farm sizes are assumed. They are 0.15 hectare and 
0.5 hectare of "pakho" land. The 0.15 ha. of "pakho" land is taken as 
the maximum orchard area for a small household (to be called SHH Model 
Farm), whereas 0.5 ha. of "pakho" land is taken for the medium or 
relatively large farm (to be called MHH Model Farm).”* The farm size for 
the small farmers household level is to be taken well below the average 
holding because the size of the holdings are fragmented and orchard 
development can only be considered on part of the farm. Obviously these 
models do not allow for any economies of scale in cultivation. This is 
because the average "Pakho" land holding is very small (0.32 ha.) and 
the average 'large' land holding is only 0.9 ha. of "pakho" land 
(APR0SC, 1983, Annex la,p.24).
In addition to these two individual household farm models, a small
^Rastra Bank defined small farmer, who holds less than 1 ha. land in 
the Hills.
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farmers group model will be considered (to be called the SFG Model 
Farm). As discussed in Chapter 2, Small Farmers Development Project 
(SFDP) would be the main vehicle for small farmers in development 
activities. R/N IRDP (1983) encouraged self-reliance among these groups 
in order to organise and mobilize their resources through group 
associations. Furthermore, that report found that many small farmers 
were eager to increase the production and sale of fruits, because many 
SFDP group members already had some experience in growing horticultural 
tree crops. Moreover, that report believed that income could be 
increased by planting horticultural tree crops on group "pooled" land, 
allowing better management and group marketing. Therefore, the report 
recommended the use of 0.5 hectare of land for orchard development of 
four SFG groups in each Panchayat. The land for the orchard would be 
land owned by the group members themselves. Management and benefit 
sharing of the orchard would be decided upon by the farmers themselves 
with the advice of the Group Organiser (GO), the Horticultural 
Assistants and the Marketing Officer. The project believed that SFG 
could sell their product commercially.
That report failed to show the basis for taking 0.5 ha. as a size 
of orchard for the SFG. Our assumption for the size of SFG Model Farm 
is 1.5 hectares. This is a more realistic size for a pooled
plandholding of the typical 12 members of a small farmers group. The 
contribution of "pakho" land of each members in the group is decided 
entirely by the group. However it is assumed that the contribution of 
the "pakho" land by the members in the group into the pooled farm 
varies from less than average land holdings (0.32 ha.) up to 1 ha. The 
size of the model is taken below the average pooled total, because the 
land holdings of the members are fragmented and not all the land, of 
any given small farmer's holding will be operated in the SFG. It is 
believed that this farm size is the minimum to allow some economies of 
scale and allows some contrast with individual holdings. The 
assumptions for management, benefit sharing of orchards, and marketing
pThere is no such limit of the number of members in the small farmers 
group. However, the most common size of the group is 10-12 members 
including group leader, vice-leader and cashier or treasurer in the 
study area.
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of fruits and cereals are the same as in R/N IRDP (1983). It is not 
assumed that the 1.5 hectares of land is in one complete block but may 
be in two or three sections that are relatively close to each other.
Of these three models, the half-hectare model will be used as the 
standard from which the other models will be derived, after appropriate 
adjustments. The possibility of modelling different sized orchards is 
made relatively easy in MULBUD as it contains a 'scaling' facility. 
This allows a data set to be adjusted from the initial input size to 
any alternative size subject only to the fixed format allowance of the 
display tables. Scaling results in all physical inputs and outputs 
being increased (decreased) by the scale factor used, with two 
exceptions. First, inputs defined in the 'Additional Inputs' page of 
the data form as 'fixed' are not changed. Secondly, in the labour 
requirement equation for harvesting, processing and selling, the 
intercept term (A) is scaled but not the slope coefficient (B).
4.3 Labour Availability, Wage Rates and Draft Power
Many of the reports taking labour availability into account fail 
to distinguish between family working hours and hired labour working 
hours. Furthermore they usually use the standard official working day 
of 7 hours in summer and 6 hours in winter. In this study, labour 
requirements and availabilities are all given in units of 'Seven hour 
days', abbreviated as '7HrDay'. This is an average of the Summer and 
the Winter figures . As explained in the section on family labour 
potential , male and female labour are pooled as an adult male 
equivalent. In the Spring, Summer and Autumn (February - October) the 
days are relatively long and the working hours per day are taken to be 
7 hours for hired labour and 9 hours for family labour. In winter 
(November - January) the days are short and the working day is taken to 
be 6 hours of work for hired labour and 8 hours for family labour. 
These estimates include an hour for taking tiffins and short rests, 
e.g. smoking.
The input-output coefficients in the cases discussed are 
calculated on the basis of an informed estimate of labour hours 
required in a given crop activity per unit of 0.5 hectare of land, and 
converted into 7HrDay units. In some other cases, labour inputs are
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based on survey records of the actual daily labour used, this is then 
converted into 7Hrdays. A clear distinction is made between 'Estimates' 
and actual figures in the discussion of the data. In the following 
sections 'days' and '7HrDay' are used interchangeably.
4.3.1 Labour Availability
Family (human and bullock) labour is only considered in the 
household farm models. In the SFG Model all labour (human and Animal) 
is assumed to be 'hired' even from the group itself. It is assumed that 
there is no problem with hiring labour in this labour surplus region.
According to R/N IRDP (1983), the average family size of the study 
area was 5.82. About 60 per cent of the surveyed farms had family 
members employed off the farm for the maintenance of their livelihood. 
Most of these came from the "Small farm" category, where there is a 
lower per capita income than average.




Structure of Total Population in percentage
Total Male Female
Below 10 26.05 13.07 12.98
10 - 14 11.18 5.85 5.33
15 - 44 44.06 23.12 20.94
45 - 59 10.97 5.79 5 . 18
60 - 64 3.04 1.63 1.41
65 + 4.70 2.52 2.18
100.00 51.98 48.02
Source: Computed from Population survey, 1981, Central Bureau of 
Statistics (CBS), Kathmandu, 1981, (2040/41 B.S).
According to the 1981 population survey, (Table 4-1), the district 
has a male dominant population of 51.98 per cent of males, compared to 
51.22 per cent for Nepal as a whole (CBS, 1984-85, p.4 and p.12). Over 
55 per cent of the farm population was between 15 to 59 years of age. 
This indicates high potential labour availability in the short-run. In 
the long-run, however, labour availability will be a function of the
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family size and involvement in non-farm activities. In the detailed 
case study village of Haku (R/N IRDP) the family size ranged from 2 to 
12 with both Mean and Mode around 6.
The determinants of Family Labour Potential (FLP) are the age and 
sex composition of the farm family, off farm employment pattern, health 
of family, ethnic and caste group, attitudes towards the education of 
children and other socio-economic and religious factors. The adult male 
unit is generally used as the unit of measurement of FLP. However, a 
family consists of both males and females, including children and aged 
people. To get a true picture of FLP all these components should to be 
converted to an adult labour equivalent.
To calculate the FLP, several conversion factors have been used by 
different researchers and institutions. In many cases, including 
Mathema (1977) and "The farm management study survey" conducted by the 
Economic Analysis and Planning Division of the Ministry of Food and 
Agriculture, 1968/69 (for Nepal), female and child labour were weighted 
on the basis of mean wage ratios. So that females were weighted to 0.8 
of adult male equivalent and children to 0.5 of adult male equivalent. 
This was done without considering the difference in the output between 
aged (over 44 years) and adult (15-44) workers. This is considered by 
Tilakasiri (1985) in Sri Lanka, who assumed that those over 60 years of 
age were aged farmers. However, in the context of Nepalese Hills, over 
44 years of age should be taken as elderly, because, the Nepalese life 
expectancy at birth is only 46 years and general health condition and 
health facilities are very poor in the Hills. Furthermore, the writer’s 
personal experience in the Hills shows that people after 44 years, are 
generally weak and take lighter duties. However, CBS and Farm 
Management study 1968/69 took 59 and 64 years as retiring age and NPC, 
1977 defined those over 10 years of age as economically active people.
In this study, three main age categories are used. The assumed 
conversion factor in this study for children (10 - 14 years) is 0.4. 
About 16 per cent of school age children (6 -14 years) go to school in 
the case study areas of R/N IRDP (APR0SC, Annex 1 b p.13) and this 
percentage is deducted from the conversion factors (0.5) used by other- 
authors, as mentioned above.
54
The FLP is then calculated as follows :
FLP = (M - Mi + (F - Fj)0.8) + (0.8EM +0.6EF) + 0.4C10_14
Where,
FLP = Family Labour Potential
M = Adult Male Labour
M1 = Adult Male Labour Engaged in Non Farm Works
F = Adult Female Labour
F1 = Adult Female Labour Engaged in Non Farm works
EM = Elderly Male
EF = Elderly Female
C10-14 = Children (10 -14) years
Using the Population Census (1981) data, the average FLP for farms 
in the district was 2.7 with a standard error of 0.2. The average 
increases to 3.3 if the members working outside the farm could be 
attracted back to work on the farm. According to the survey of R/N 
1RDP (1983), all the farmers in the district used family labour. That 
is. there were no farms operated entirely by hired labour. Most of the 
following calculations are based on the Population Census (1981) and on 
the R/N IRDP (1983) Survey data.
The average annual working days per household were estimated by 
deducting annual average non-working days from the 365 days of the 
year. The National Planning Commission (NPC) (1977) estimates 35 days 
of the year as non working days in the Central Development Region and 
37 days for rural Nepal as a whole. This was calculated on the basis of 
nonworking days reported by Pradhan Panchas (Village Headmen) of the 
survey village panchayats. However, on the basis of the writer's 
personal experience, this study assumes 50 non-working days in a year 
for the district (Table 4-2).
From the above assumptions, the average estimated number of 
working days per person per annum in the district is 315 days a year. 
This gives an average 985 adult male equivalent days per year per 
family, and implies a total average labour availability of 851 adult 
male equivalent working days per year per family.

















To obtain the available total unutilised days, the NPC (1977) 
deducted annual average working days essential for farm work, household 
activities, fodder and fuel wood collection, livestock raising and off 
farm employment from the total annual average working days. The method 
of estimating unutilised days or underemployed days is based on work 
norms for the labour days spent in different types of operation or
activities, regardless of the efficiency involved.
For the purpose of our work, out of the 851 annual available 
labour days per household in Rasuwa, annual average utilised days
amount to 637 days, giving a figure for underemployed days per 
household of 25.2 per cent (214 days). The Table 4-3 shows this on the 
monthly basis, from which the family labour availability was
calculated.
The balance of average monthly family labour is estimated by 
deducting the number of days worked in a month from the number of days
available to work in a month. The number of days available is
calculated by deducting the number of non-working days in a month from 
the number of days in a month and the balance multiplied by the FLP. 
The number of working days per household (male and female) in all
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Table 4-3: Estimated Monthly Family Labour availability in Rasuwa
Month
No. of Days 
Available




January 76 25 51 85
February 68 37 31
} 41
March 72 62 10
April 70 46 24
} 37
May 75 62 13
June 70 95 -25
} -6
July 76 57 19
August 76 37 39
} 80
September 73 32 41
October 54 90 -36
} -23
November 65 52 13
December 76 42 34
— —
851 637 214 214
activities includes labour requirements for different crop production 
in different months; livestock raising; fodder and fire wood collection 
and household work. Table 4-3 shows the surplus of family labour per 
household in every month of the year except June and October. More 
labour is required in June because of harvesting of maize on the Pakho 
and planting of rice on Khet land. Similarly in October, more labour 
is required for harvesting of rice in Khet and land preparation for 
wheat/potato and harvesting of millet on Pakho.
In this study, the agricultural year, starting in June, is 
subdivided into six bi-monthly periods. The relavent available labour 
is given in the last column of Table 4-3. These figures are entered 
into 'page 4' of the MULBÜD data sets given in Appendices B and C. The 
months with negative values are entered as zero since they imply that 
no family labour is available. In accepting the 'unutilized labour' as 
the family labour constraint in the analysis in Chapter 5, the
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assumption of the partial budgets is that other farm activities 
'continue as usual'. In actual fact, since substitution of enterprises 
takes place so too will there be for labour. The assumption adopted 
here is a highly conservative one.
4.3.2 Wage Rates
In this study, two assumptions are made for the family wage rate. 
First, it is assumed that the family wage rate is zero. One reason for 
doing this is simply that any economic surplus is then directly 
attributable to the farm family labour and management. Another reason 
could be because there is surplus labour on the farms in the district 
so that the marginal product of these labourers are very low. In other 
words family labour use was generally below the actual availability of 
labour and hence the shadow prices of family labour could be considered 
to be zero.
However, it is not particularly meaningful to talk of an 
over-supply on an annual basis when there are substantial fluctuations 
in seasonal labour demand. Thus, in this study, the family labour cost 
has been inputed at a seasonally adjusted "Opportunity cost" based on 
the probability of obtaining off-farm employment (Sen 1972 in Layard 
1972, p.157). In the study area, the opportunity for off-farm 
employment for agricultural labourers lies in working on neighboring 
farms in the main cereal crop activities, in the portering of goods 
from Trisuli to Dhunche and in portering services for tourists and 
treckers (especially from October to May). In addition, there are some 
opportunities in cottage industries such as weaving of carpets and 
jumpers and the production of bamboo goods. Such work is done when 
there is no pressure of farm work.
Dividing the years into six bi-monthly 'seasons’, the family wage 
rates for the six periods were calculated by multiplying the hired wage 
rate of NRS20 per day by the probability of obtaining off-farm 
employment. Because the most likely off-farm employment is on 
neighbouring farms, the probability was assumed to be equal to the 
ratio of labour required for main crops and portering of goods during 
each period of the year to that of the peak labour requirement. These 
are shown in the Table 4-4. It is assumed that there is no seasonal 
migration of labour into or out of the study area.
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Table 4-4: Derivation of Family Wage Rate




100 40 100 70 70 80
Family Wage Rate 
(NRS)
20 8 20 14 14 16
The labour supply within the household is inadequate in peak 
seasons such as sowing, transplanting and harvesting of crops. To some 
extent the constraint is resolved by the system of exchange labour, 
locally known as "perma”. Under this system, labour demand in one farm 
household is met by combining labour supply from two or more households 
and this is done for each household in turn. Such an exchange system 
for meeting peak labour demands are extensively practised in the 
district. In addition to this, some labourers are also hired. The 
common wage rate in the district was NRS20 per day and did not seem to 
vary seasonally.
4.3.3 Draft Power
Most farm families own a pair of bullocks for farm operations. 
However, many households had only one bullock and some had none. 
Generally a pair of bullock is needed during sowing and 
post-harvesting, to some extent fulfilled by an exchange system for 
bullocks. The farm families, who do not have animals of their own and 
cannot make arrangements for exchange, have to hire a bullock or a pair 
of bullocks.
Bullock labour is generally used for land preparation and at 
sowing time. These are times of peak demand. Bullocks are also used 
for post-harvest threshing of paddy and wheat, which is known as "Dain" 
in local terms.
Ploughing is generally not a preferred task for landowners because 
of considerations of caste and social status. There is a special caste 
for ploughing named as "Hali", who are generally landless or very 
marginal land holders. Small farmers also commonly practise ploughing.
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Therefore normally, a "Hali" or driver is hired and paid two meals on a 
working day and give some share of the crop according to their 
bargaining power. At present the two meals costs NRS8 and the average
oshare cropping is estimated to be worth NRS6 per working day. 
Therefore, for households which do not do their own ploughing there is 
an additional cost of NRS14 per day, even when they own bullocks.
The estimated rate for a pair of bullocks including driver is 
NRS30. This includes the cost of feeding the driver as well as the 
bullocks but excludes the share cropping. If only one bullock is hired, 
it costs NRS8 per day. If bullocks are hired without a driver, this 
costs NRS20 per day.4
4.4 The Input-Output Assumptions
This section presents the detail assumptions underlying the data 
set for half a hectare of apples and walnuts. These details are 
presented explicitly because of the pioneering nature of this study add 
the range of sources upon which the data set is built. To shorten the 
text, the repetitive use of 'it is assumed' or 'it is estimated' is 
avoided but must be understood. The size (0.5 hectare) of orchard 
described is that used by the R/N IRDP study, however, other sizes of 
operations will also be considered. The order of the discussion follows 
that required for the completion of a MULBUD data form (set). Except 
where explicitly stated as otherwise, inputs and outputs are considered 
to be linearly variable with respect to the holding size. Inputs and 
outputs are only given in the text in annual terms but are broken down 
into bi-monthly 'season' in the actual data sets. Completed data forms 
are presented in Appendices B and C.
O Calculated from estimated average common practice crop shares in a 
year and value at current price and divide by number of working days
4R/N IRDP, 1983 estimates NRS15, which is constant price through the 
project period and Shrestha, 1982 estimated NRS8 for a pair of bullocks 
for Sindhupa1anchoke, a hill district. But they have not shown details, 
whether that should include the cost of driver and feeding to bullocks
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4.4.1 Apples
Plant Number and Spacing
The R/N IRDP estimated 90 apple plants for 0.5 hectare, whereas 
the horticultural specialist of Nepal estimated 150 apple plants. The 
Agricultural Diary (1985) recommended 110 apple plants and 130 apple 
plants for square and hexagon layouts respectively. The general 
agreement for the plant spacing is 6 meters for each tree. In this 
exercise, 130 plants for 0.5 hectare will be used because, for the 
apple orchards in the Hills, the hexagonal system is more effective.
Land Preparation
Land preparation includes fencing layouts and pit digging, 
manuring and pit filling. Most of the farms in the study area are made 
up of open terraces but, for a newly planted orchard, protection 
against livestock is considered necessary. It is estimated that 30 days 
are required for fencing either by planting fencing plants or by wire 
and for the layout. Agricultural Diary (1985), recommended a planting 
hole size for the each plant of about Ixlxl meters. This hole can be 
dug by a person in about three hours. The time required to refill of 
pit is about 1 hour, because it also involves the application of manure 
and some fertilizer.
Planting and Shading
It is estimated that 2 plants can actually be planted and shaded 
within an hour. Moreover, 5 man days are needed to collect and 
transport the required (130) plants from the Agricultural Farm.
Weeding and Mulching
Weeding and mulching are essential when the plants are young. 
However, in the first year of the planting weeds are not a problem. 
From the second to fifth year, it is estimated that one man can weed 
and mulch an average of 10 apple trees a day and for the rest of the 
period, it will be 20 apple trees a day.
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Fertilizer Application
A man can carry 50 kg of chemical fertilizer in 5 hours from the 
depot to the field and mix it according to the recommendations given 
and apply it to the plant. In the case of compost, two hours will be 
needed to take out the compost from the compost pit and apply it to the 
apple plant. From the second to the fifth year, it is estimated that 17 
man days are required per year for fertilizer application and then 
after 10 man days per year.
Pest Control
Sprays are used only when there are diseases. However, some sprays 
are necessary as a preventive measure. For the first five years, 
normally, labour is not needed for spraying, because of the good 
nutrient value of the plant holes and the good care are taken of the 
infant trees. It is estimated 20 man days per year for pest control 
after the fifth year.
Pruning
Different types of pruning are necessary for apple orchards. 
Pruning is not necessary for the first two years. A man can prune about 
8 trees a day for young as well as mature trees. It is estimated that 
half an hour per tree is needed for thinning fruit. Pruning is 
generally done twice a year, where as thinning is done once a year.
Other Operations
Irrigation is placed in the "other operations" category of labour 
input for the apple orchard. It is assumed that irrigation will be 
used only for young plants (l-5years). Afterwards, it is believed that 
the root system will be sufficiently developed to rely on rainfall. 
Irrigation is normally done by hand, carrying water from nearby ponds, 
waterfalls or from the storage of rain water. It is estimated that 32 
man days are required per year for the first five years.
Planting Material
It is assumed that one year old plants will be received from the 
nursery. The price for a young tree is NRS4.00 (APROSC, 1983, annex
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6b, p.19). The mortality rate is calculated at 5 percent during each of 
the first five years. The data set allows for replacements and their
replanting.
Equipment
Fencing materials for the orchard are estimated to cost NRS5825 
(APROSC, 1983, annex 6b,p.l9). This is a pessimistic assumption based 
on wire fencing, live fences (thorny plants) would be very much 
cheaper. Two picks and two sabils will be bought in the first year.
These items are needed only for digging pits. Two secateurs, two 
pruning knifes and one saw will be purchased in the second year and are 
replaced every five years. Two garden rakes will be bought in first
year and replaced every five years. A manually operated, back-pack 
sprayer will also be bought in first year and will be replaced every
10th year. This is the most costly piece of equipment (other than 
fencing) at NRS1000. This is the only 'fixed' input in the data set. It
is fixed in the sense that it is assumed that the pump has the capacity
to handle all farm sizes in the range considered.
Fertilizer
Fertilizer will be applied as recommended in the Agricultural 
Diary (1985): 24 kg compost, 5 kg each of oil cake and ash, 2.5 kg
ammonium sulphate. 2.5 kg super phosphate and 1.2 kg potash for each 
fruit tree in the first year. From the second year, 10 kg compost 1.2 
kg of each of oil cake and ash will be used every year. (The same 
amounts will be applied to the walnut pit)
Chemical
Plant protection materials are estimated according to R/N IRDP.
The report recommended NRS400 of chemicals for half a hectare. For the
first five years. it is not generally necessary to apply plant 
protection materials because of good nutrients value and care of the 
infant trees. The types of chemical sprays to be used are not specified 




Apples are harvested over the period August to November. The 
estimated levels of production from the half hectare are drawn from the 
R/N IRDP study (1983) and in consultation with horticultural experts in 
Nepal. Production in the form of 'marketable apples' is estimated to 
start in the 6th year. The time period vector (TPV) for output on an 
annual basis is shown in Table 4-5. This TPV is based on 130 trees 
planted on half a hectare of "pakho" land.
Table 4-5: The Time Period Vector for Output of Apples
Units in 50 kg.
year 1-5 6 7 8 9 10 11 12 13 14-25
Output 0 13 21 39 78 117 143 156 169 182
The output price for apples is NRS350 per 50 kg which is the same 
as in R/N IRDP study, but sensitivity analysis with respect to both 
output and price will be undertaken.
Labour input in handling the fruit are sub-divided into 
harvesting, processing and selling operations. Each is specified as a 
linear function of output, so that the labour requirements 
automatically change with output levels (Etherington and Matthews, 1985 
p.30). The equation is:
L = A + BQ
Where L is the labour requirement, Q is output and A and B are the 
parameters.
The equation coefficients for harvesting are 1 and 0.71. Here the 
value for A is taken as 1, because a minimum amount of time is needed 
to check whether the fruit is ripe or not, irrespective of yield 
levels. For calculating B, it is assumed that 100 apples of an average 
weight of 100 gm, can be picked in one hour.
Processing includes grading, packing and storing. It is assumed 
that a labourer can grade, pack and store 150 apples within an hour. 
Thus, the value for B is calculated as 0.48 and the value for A js 
taken zero.
Selling includes the transporting of apples from farm to a road
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point of sale or to a service center. A labourer can carry a 50 kg of 
apples to these places and will take about a day. Given this 
assumption, the value for B is calculated as 1 and the value for A is 
taken as 1.
4.4.2 Walnuts
Agricultural Diary (1985) recommends 40 plants and 50 plants for 
square and hexagonal systems respectively. In this study, it is assumed 
that hexagonal system is more effective in the hills. In this system 1 
year old seedlings are bought from nursery at Dhunche and are planted 
12 meters apart. Again a 5 per cent per year mortality rate is assumed 
over the first five years during which replacements will be planted. 
The price of a young tree is NRS3.
Most of the activities and, hence, the assumptions for walnut are 
similar to apples but there are some differences. Only the differences 
will be discussed.
Pruning
The pruning of walnuts is most important, particularly when the 
plants are 3-5 years old. Pruning is not necessary for the first two 
years because plants are too young. However, from the fifth year 
onwards diseased branches and dry twigs should be removed each year. 
These operations require relatively little labour. It is estimated that 
a labourer can prune 8 trees a day for years three to five. Thereafter 
it is assumed that a person can prune 12 trees a day. Pruning usually 
takes place in February, March and August.
Other Operation
Irrigation labour is estimated to be 15 man days per year for the 
first five years.
Product and Output
The walnuts are generally harvested from September to November. 
According to R/N IRDP (1983) and horticulture experts, the harvesting 
of walnuts start from the eighth year. The time period vector for
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marketable walnuts is for 50 trees being grown half a hectare of 
"pakho" land and is given in Table 4-6
Table 4-6: The Time Period Vector for Output of Walnuts
Units in 50 kg.
Year 1-7 8 9 10 11 12 13 14-25 
Output 0 8 15 20 25 30 33 35
Such yields are conservative by World standards. Yields 80 to 200 
Kilograms per tree have been reported in France (Smith, 1978). Normally 
walnut trees continue to grow in size and yield for over many decades. 
Thinning out of less productive trees would be recommended by the 25th 
year but this will not be considered in the present analysis.
From personal communication with the Agricultural Department, the 
current market price of walnut in Kathmandu, is NRS30 per kg (retail 
price) and it is assumed that the farmers will be able to get NRS20 per 
kg or NRS1000 per 50 kg at the road side point-of-sale or at a services 
center.
The estimated number of harvesting, processing and marketing 
labourers are calculated using the same procedures as in apples with 
the following additional assumptions:
The equation coefficients for harvesting are 10 and 0.5 for A and 
B respectively. Here the value for A is taken as 10, because, it is 
estimated that 10 man days are needed for shaking walnut trees, 
irrespective of yield levels. For estimating B it is assumed that 0.5 
mandays are necessary for collecting every 50 kg of dropped walnuts.
Processing includes the cleaning, washing, drying, grading and 
packing of walnuts. It is estimated that 7 kg of walnuts can be 
processed by a person within an hour. Thus, the coefficients for B is 
1.02; the coefficient for A is taken zero.
Selling includes the transportation of walnuts from farm to the 
road point-of-sale or at a service center. It is estimated that a man 
can carry about 25 kg of nuts within a day (including return to 
orchard). The light weight of walnuts makes the size of the bundle big. 
Thus, it needs twice the manpower of apples. Given these assumptions, 
the coefficient of selling labour for B is calculated 2 and the 
coefficient for A is taken as 1.
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4.4.3 The Cereal and Potato Crops
For all cereal crops (maize, millet and wheat) and potato, most of 
the inputs and outputs are considered as given by R/N IRD project 
preparation report. Some of the inputs and outputs are verified and 
adjusted in line with earlier studies by Shrestha (1982) and Mathema 
(1977). The use of chemical fertilizers for maize, millet, wheat and 
potato were excluded from the data sets, because most of the farmers in 
the study area rarely use chemical fertilizer on cereal crops.
Only the yearly total labour used for different crops were 
available but these were divided into different activities, such as 
land preparation, planting, fertilizer application, pest control, etc., 
as needed for the data input form, on the basis of consultation with 
agricultural experts and personal experience. This breakdown of the 
total has no impact on the economic results but serves to illustrate 
the usefulness of MULBUD's 'minimum consistent enterprise data set', 
particularly when verification is required.
The use and wage rates for both human and animal family labour and 
hired labour are calculated according to our previous discussions. The 
output price for the cereal crop and potato is derived from the 
marketing survey in Nuwakot by the Food and Agricultural Marketing 
Services Department (FAMSD), 1985. It is assumed that the same price 
will be obtained at the road junction and at services centers. However, 
we use a shadow (opportunity cost) price for maize, millet and wheat 
for the calculations. As these cereals are grown for own consumption 
rather than for selling purposes. A farm gate sale price assumes that 
the transportation costs are included. Because, if they produce their 
own cereals, farmers save the transportation costs. Therefore, the 
shadow price, or the true-price to the farmer of having the cereals on 
the farm is the retail price plus saving of the transportation cost 
from the market.
It is estimated that a person can carry 50 kg of cereals to or 
from the 'market' in a day. Again it is assumed that some fixed amount 
of labour (a person) is needed because that person may or may not bring 
full load. Therefore, the labour requirement is calculated from the 
following linear functjon:
L = A ■*- BQ
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By applying this formula, the requirement of labour for 50 kg of 
cereals comes to 2 persons. Here, we assumed that the opportunity cost 
of labour is NRS20 (Market price). Then the shadow price per kilogram 
of cereal requires NRS0.80, inaddition to the retail price. Therefore, 
the shadow price for maize, millet and wheat is NRS4.30, NRS4.30 and 
NRS3.60 per kg respectively. We do not calculate the shadow price for 
apples, walnuts and potatoes because these products are generally 
produced for sale. Sensitivity analysis of cereal crops using both the 
shadow price and market price will be undertaken.
Given these assumptions, the next chapter analysis the data from 
the view of the profitability to the farmer.
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CHAPTER 5
MODEL BUILDING AND ANALYSIS
5.1 Introduction
Following the detailed statement of the assumptions in the 
previous Chapter, here we discuss the principles of model building for 
horticulture in the Central Hills1 of Nepal and then give the results 
of our analysis of the models. The analysis will examine each of the 
three sizes of farm for the two selected orchard crops: apples and 
walnuts. However the models are not confined to monocropping of these 
perennials.
The productivity of "Pakho" land in the Hills may be greatly 
enhanced through the intensification of cropping in space and time. 
Intensification of the use of "Pakho" land can be achieved by the 
'systematic' use of land through more productive enterprises and 
possibly through intercropping. This requires the cultivation of 
different crops in combination on the same piece of land, in some form 
of spatial arrangement or sequence. R/N IRDP (1983) and Calkins (1976) 
found different cereals crops like, maize, millet, wheat, barley, 
soybean, lintel and different summer and winter vegetables like 
pumpkin, bean, tomato, potato, cauliflower, cabbage, broadleaf mustard, 
onion and radish can be grown in the study area. These crops are then 
possible intercrops at certain stages of the growth of apple and walnut 
trees. Because of lack of data, only a sub-set of these possible crops 
are analysed in this study.
In this study, "models" are built for different specifications of 
crop combinations. In doing this, four basic considerations have been 
taken into account (see also Karunanayake, 1982):
What crops are to be combined?
^ln the following discussions "Hills" and "Central Hills" are used 
interchangeably.
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How much of each crop is to be grown?
When, in the life of the apple or walnut orchard, is the intercrop to 
be introduced?
What interaction effects are likely to occur between the crops?
Moreover, the researcher must take into consideration the degree of 
competition between crops for biological resources, or, alternatively, 
whether supplementary and complementary effects are involved 
(Etherington, 1981 and Willey, 1979),
5.2 Model Building
In model building the spatial and temporal arrangements for 
intercropping must be taken into consideration. Land and light are the 
only two constraints assumed to be binding in model building. Maximum 
use of land is attempted throughout the period by intercropping the 
perennials (Apple and walnut). However, the amount of land use for the 
intercropping in the model is restricted by the penetration of light of 
through the leaf canopy of the tree crop during the summer growing 
season.
Intercropping is not possible during all stages of apple and 
walnut growth, if they are planted at 130 and 50 trees respectively per 
half hectare. Therefore, according to tho feasibility of 
intercropping, the life cycles of apple and walnut are divided into 
four stages of growth as shown in the Table 5-1
In the SHH model farm and in the MHH model farm (Section 4.1), the 
sequential intercropping of maize-millet-potato are grown among the 
apple or walnut trees for the first two years. Millet-potato are 
intercropped among the apple or walnut in the third and fourth year. 
Only potato is intercropped among the apple trees in the fifth year and 
among the walnut trees in the fifth, sixth and seventh years. These are 
then to be called 'Model I' of apple or walnut (SHH model farm of apple 
or walnut) and 'Model II' of apple or walnut (MHH model farm for apple 
or walnut).
As observed earlier, it is quite uneconomic to grow cereals for
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Table 5-1: Stages of Apple and Walnut Growth
Age of PJant
in Years Stage of Growth
A Up to 5 Immature
B 6 - 9 Young
C 10 - 50 Mature
D 50 + Senile
Note: Walnut is immature up to 7th year.
sale. Therefore in case of the SFG model farm (Section 4.1) only 
potato is intercropped among the apple trees for the first five years 
or among the walnut trees for the first seven years. This is then to be 
called 'Model III' of apple or walnut.
In this study, we are building all the models with pessimistic 
assumptions by introducing the intercrops with the orchards running at 
about their break-even point. The different model farms are at about
pbreak-even at somewhat different levels. In the two farm models, 
family labour is charged against the enterprises at the opportunity 
cost of family labour. In case of SFG model, all labour is assumed to 
be hired.
Wheat is not suitable for "pakho" land or for intercropping as it 
needs irrigation. Moreover, the gross margin from wheat is less than 
that of the other compatible winter crop, potato.
No models of intercropping among the young or mature tree crops
2In SHH model farm size of walnut , a 50 per cent drop in yield and 
45 percent decrease in output price brings the orchard to about 
break-even. However, in SHH model farm size of apple, 55 per cent 
decrease in yield and 50 percent decrease in output price brings it 
down at about break-even. With the same rate, both in apple and walnut 
model farm sizes comes down at about break-even. In SFG model farm of 
walnut, it will run at about break if the yield and output decreased by 
50 per cent. But in SFG model farm of apple, it comes to at about 
break-even if the yield decreased by 55 per cent and output price 
decreased by 46 per cent.
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are presented in this study as the practice is not technically 
recommended in the study area.
The MULBUD computer package used for the analysis only allows 
direct interaction effects for labour inputs, because other interaction 
effects are likely to be less general. MULBUD allows labour interaction 
for weeding, fertilizer application and pest control (Etherington and 
Matthews, 1985, p.59). It is assumed that in this study that when all 
the land is used the labour saving compared to single cropping will be 
30 per cent for weeding and fertilizer application and 10 per cent for 
labour used for the pest control. Physical interaction effects will be 
examined through the sensitivity analysis which is incorporated in the 
MULBUD output.
In the process of model building, MULBUD makes reference to three 
measures of resource use:
1. Land Use Index
2. Cropping Intensity Index
3. Light Use Index
Land Use Index
The Land Use Index (LUI) shows the proportion of the land used by an 
enterprise at the specified plant spacing. Spacing of plants (walnut 
and apple) often leaves land available for intercropping. Spatial 
arrangement may be determined by non-land constraints (aspect, canopy 
coverage, access, inter-tree branch damage etc.) so that effective 
nutrient intake area is less than that available. This implies a LUI < 
100 and indicates that intercropping may be possible (Etherington and 
Matthews, 1985, p.19). For example, this study assumes that the apple 
(walnut) trees occupy 70 (60) per cent of land at maturity. The sum of 
total LUI of the enterprises in intercropping models gives the total 
effective land use. The total LUI, which is less than or equal to 100, 
measures the per cent of surface area actually occupied by enterprises 
in a model. For perennial crops, MULBUD allows for a dynamic LUI that 
recognises that during immaturity such crops do not use as much land as 
wiien they are mature.
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Light Interception Index
The Light Interception Index (LII) measures the light intercepted by 
the canopy of the crop at maturity at the specified plant spacing. 
Information on this parameter is usually hard to obtain (Etherington 
and Matthews, 1985, p.20). Here, our best estimate is an index of 100 
for both apple and walnut once they are mature. The implication is that 
it is too dark under the mature canopy for intercropping to take place. 
As with the ’significant ages' required in the LUI, MULBUD data set are 
used to make the LUI index dynamic. The LI I does not take into account 
the deciduous nature of these tree crops.
Cropping Intensity Index
The Cropping Intensity Index (C11) gives the intensity of cultivation 
at the specified planting spacing. This is the ratio of number of 
plants at the specified spacing to some norma] or standard spacing of 
these plants. Thus the CII for the 'standard' must equal 100 (LUI < = 
CII (Etherington and Matthews. 1985, p.20)). The total crop intensity 
of the intercropping model is the sum of CII of intercrop enterprises 
and the perennial enterprise in any model. The CII seeks to measure how 
intensively the combination of crops is using the land compared to 
mono-culture. The measure can therefore be likened to the 
multiple-cropping index used to measure the sequential use of land with 
annual crops with a year. The CII is not dynamic.
5.3 Economic Analysis
The analysis is undertaken on the basis of unit areas of 0.15 ha., 
0.5 ha. and 1.5 ha. with a time horizon of 25 years (of six bi-monthly 
periods)' in the different intercropping models. In the sole crop 
analysis, perennial crops are analysed for 25 years (of six bi-monthly
O The 'year' is the agricultural calendar year, which begins 
June/July.
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periods) and the annual crops are analysed for one year of these six 
bi-monthly periods. Although the life span of apple and walnut trees
exceeds 25 years, the conservative view is taken that there is no
terminal or salvage value at the end of this period. This will
particularly penalise the analysis for walnut since walnut wood is
highly valued. Detailed analysis is only presented for the MHH model 
farm for sole crops and for intercropping. This is both to save space 
and because all the assumptions for model building are first developed 
for this farm size. Summary results for the other farm sizes are 
discussed.
5.3.1 Analysis of Sole Crops
Tables 5-2 to 5-6 summarize the results for 6 different sole crops 
for SHH, MHH with the assumptions of both a positive and of a zero 
opportunity cost of family labour. The SFG model farm is assumed to 
only use hired labour. A number of observations can be made about these 
tables. First, is that the apple enterprise is the most profitable 
horticultural crop in farm sizes. It gives highest SNPV, Annuity, B/C 
ratio and IRR.
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Table 5-2: Summary Results of Sole Crops on SHH Model Farm




Appl e Walnut Maize Millet Potato Wheat
Period of !
Analysis*(years) !
25 25 1 1 1 1
SNPV 13.5 !
In NRS. 1000 ! 32.54 16.66 0.47 0.28 0.89 0.09
Yearly Annuity ! 
In NRS. 1000 ! 4.58 2.34 0.47 0.28 0.89 0.09
B/C Ratio !
( 13.5 % )  ! 3.74 3.61 1.39 1.37 1.36 0.91
IRR ! 34.7 30.3 N/A N/A N/A N/A
* The economic life of the 
analysis is only undertaken
perennials could be 50 years or more but the 
for 25 years.
Note: N/A = Not Applicable
Table 5-3: Summary Results of Sole 
With Zero Opportunity
Crops on SHH Model Farm 
Cost of Family Labour




App] e Wa1n u t Maize Millet Potato Wheat
Period of !
Analysis(years)! 25 25 1 1 1 1
SNPV ( 13.5 % )  ! 
In NRS. 1000 ! 39.33 18.96 1.12 0.93 2.13 0.51
Yearly Annuity ! 
In NRS. 1000 ! 5.54 2.67 1.12 0.93 2.13 0.51
B/C Ratio !
( 13.5 % )  ! 8.80 5.70 2.90 10.80 2.80 2.06
IRR ! 41.1 33.4 N/A N/A N/A N/A
75
Table 5-4: Summary ResuJts of Sole Crops on MHH Model Farm





Apple Walnut Maize Mi 1let Potato Wheat
Period of !
Analysis(years)! 25 25 1 1 1 1
SNPV ( 13.5 %) ! 
In NRS. 1000 ! 106.85 58.53 1.60 0.94 2.88 0.32
Yearly annuity ! 
In NRS. 1000 ! 15.06 8.25 1.60 0.94 2.88 0.32
B/C Ratio !
( 13.5 %) ! 3.60 4.20 1.39 1.38 1.34 0.91
IRR ! 35.7 32.4 N/A N/A N/A N/A
Table 5-5: Summary Results of Sole Crops on MHH Model Farm





Apple Walnut Maize Millet Potato Wheat
Period of !
Analysis(years)! 25 25 1 1 1 1
SNPV ( 13.5 %) !
In NRS. 1000 ! 116.76 62.84 3.73 3.13 6.70 1.70
Yearly annuity ! 
In NRS. 1000 ! 16.45 8.90 3.73 3.13 6.70 1.70
B/C Ratio !
( 13.5 %) ! 4.80 5.60 2.90 10.80 2.50 2.06
IRR ! 40.2 35.8 N/A N/A N/A N/A
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Crops on SFG Model 
Labour
Farm
Uni t: 1.5 ha.
Crops
Indicators
! Apple Walnut Maize Millet Potato Wheat
Period of 
Analysis(years)! 25 25 1 1 1 1
SNPV ( 13.5 %) 
In NRS. 1000
j








! 3.12 3.74 1.08 1 .12 1.13 0.82
IRR 1 33.8 31.7 N/A N/A N/A N/A
After apple, walnut also gives very high returns. In all model
farm sizes, it provides a very significant SNPV, Annuity, B/C ratio and
IRR.
Among the four annual crops, potato provides the best returns.
Cereal crops, other than wheat,just break-even at 13.5 per cent
discount rate if hired labourers are used. The results for these crops 
are based on output prices that reflect the cost of ß vfQvf, the 
commodity at the farm gate. If calculations for these crops (maize, 
millet and wheat) are made at normal market Price (that is the aaXe 
price at the farm gate), then these crops provide negative returns on 
the smallest farm size with the assumption of hired labour and just 
about break-even for maize and millet with the assumption of a positive 
opportunity cost of family labour. This shows the contribution of 
family labour in these enterprises are very significant.
Analysis of Selected Half-Hectare Orchard
The SNPV given in Table 5-4 measures the net benefit of each 
enterprise over the specified period of analysis at the 13.5 per cent 
discount rate for the half hectare plot size and at the specified plant 
density. Family Labour is costed at its opportunity cost. Apple 
provides the highest SNPV (NRS106.85 thousand) whereas walnut yields
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only half as much (NRS58.53 thousand). The cumulative SNPV in the last 
column of Appendices D and E (which give the full summary tables of MHH 
model farm for apple and walnut with the positive opportunity cost of 
family labour assumption) shows the length of the time over which the 
farmer would be making a net loss and when he would "break-even". This 
date is usually referred to as the 'discounted pay-back period'. For 
apple, while positive Net Revenues commence in the sixth year, SNPV 
(NRS5.3 thousand) becomes positive from the tenth year (season two). 
With walnut, although the positive Net Revenues only commence in the 
eigth year, positive SNPV (NRS1.28 thousand) also starts from the tenth 
year but in season three. If we consider the cost of family labour to 
be zero, the positive SNPV (NRS2 thousand) starts in apple in the ninth 
year (season two), but in walnuts positive SNPV (NRS1 thousand) starts 
only from tenth year (season two).
Amortized Net Value (ANV) per year or the annuity equivalents of 
the overall SNPV are essentially discounted average returns per year. 
This is a useful measure when comparing activities that have a 
different life spans (Etherington and Matthews, 1985, p.42). Thus, 
whereas the SNPV can not be compared, the annuties can be. The annuity 
from apple is NRS15.06 thousand whereas it is only NRS8.25 thousand for 
walnut. With Zero family labour cost. Annuities improve to NRS16.45 
thousand and NRS8.90 thousand respectively. The annuities of the annual 
crops are comparatively very much lower (Table 5-4 and 5-5).
Appendix F (section 7) shows that the highest discounted gross 
revenues (among all the enterprises in the same unit of land) is 
derived from the apple (NRS147.97 thousand), however the relative total 
cost is smaller for walnut (NRS18.28 thousand). The material costs 
(NRS14.02 thousand) and cash costs (NRS31.21 thousand) are higher for 
apples. Apple and walnut require the same amount (NRS1.2 thousand) of 
fixed costs.
The B/C ratio provides a quick 'rule of thumb' check on the 
break-even situation of an enterprise at any particular discount rate 
(in this case 13.5 per cent). The B/C ratio at the 13.5 per cent 
discount rate is highest in walnut (4.20) followed by apple (3.60), 
Maize (1.39), millet (1.38), Potato (1.34) and wheat (0.91). The 
results show that the returns from the perennials are far better than
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the annual crops. If family labour is given a zero value, the benefit 
ratio improves significantly in all crops but dramatically in millet 
(10.80) (Table 5-5). Because the millet is such a labour intensive 
crop.
Appendix F (section 8) gives three additional B/C ratios. The 
second ratio [(2-c)]/1 cl ) ] , shows the net benefit attributed to 
material costs. The ratios increase to 8.62 (apple), 6.46 (walnut), 
1.80 (maize), 3.92 (millet), 1.70 (potato), 0.80 (wheat). This implies 
that the material cost can be increased by about 760 per cent (apple), 
540 per cent (walnut), 80 per cent (maize), and 290 per cent (millet) 
before each enterprise just breaks even. But in case of wheat, it can 
cover only about 80 per cent of the material costs.
The third ratio ([2—d]/ I dI ) shows net benefits attributed to cash 
costs and the ratio increases from the total B/C ratio to 4.42 (apple), 
5.19 (walnut), 1.80 (maize), 3.92 (millet), 1.64 (potato) and 0.80 
(wheat). The interpretation is as before but in reiation to the cash 
costs. This ratio might be considered to be particularly relevant in 
the semi-subsistence farming in the project area as cash availability 
is likely to be perceived as a major constraint for investment in 
horticultural tree crops.
The last ratio shows the net benefits attributed to fixed costs. 
Both in apple and walnuts the ratio are extremely high (appie 88.23 and 
walnut 48.78) because fixed costs only consist of a few hand tools and 
a sprayer. The ratio on the annual crops has a zero (null) value 
because there are assumed to be no fixed costs for these enterprises.
The IRR of apple is 35.7 per cent and of walnut is 32.4 per cent 
(Table 5-4). If we consider the family labour cost as zero the IRR 
improves to 40.2 per cent in apple and 35.8 per cent in walnut (Table 
5-5) .
Appendix F, section 6 shows the average annual labour requirement, 
which measures the employment potential. This also shows the hired 
labour requirement. The highest employment opportunity is in the appie 
enterprise (351 days per year) followed by potato (250 days), maize 
(129 days), wheat (115 days) and walnut (100 days per year) in selected 
half-hectare selected farm (MHH). However the young perennials require 
labour more than the mature orchards, because of intensive care is
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needed for them. Such care will, in part, determine the productivity in 
fruit bearing years. As the trees mature, the labour requirement within 
the orchards reduce, but the employment opportunity outside the 
orchards will be increased because of increased output to be marketed 
and processed (appendix F). Furthermore, we can predict that there are 
possibilities of establishing cottage industries relating to picking, 
packing and porterage in production of such crops increases 
substantially in the study area.
The net return per 'labour day' of family labour (in this case 7 
hours adult male equivalent days) used in each season or year evaluates 
the reward to the farm family for their efforts. It is generally 
determine after taking into account the opportunity cost of their time. 
The highest net return per 'family labour day' is in walnut (NRS145) 
followed by apple (NRS120), potato (NRS13) maize (NRS12), millet (NRS8) 
and wheat (NRS -3). This implies that all the enterprises, except 
wheat, provide additional bonus to the farmers working in their orchard 
rather than working elsewhere. However, if we charge the normal farm 
gate sale price for maize and millet this return is about zero. The 
above analysis demonstrates that the returns per labour day in 
perennials are far better than cereals. In other words, it is more 
worthwhile to run orchards than to grow cereals on the farm in the 
study area.
The above analysis shows that both apple and walnut are very 
profitable. Both horticultural tree crops have higher productivity or 
profitabi1ity than annual crops on "pakho land" in the study area. 
Moreover, it also demonstrates that the horticultural tree crops in the 
Hills help to improve the income of the people by specializing and 
trade in apple or walnut than by producing the cereals. This in turn 
suggests that the horticultural tree crops could helps to improve the 
income of the orchard owners as well as outsiders. This then implies 
the possibility of greater equitability within the community from tree 
crops than from cereals. However, as a check on the 'sustainability' 
and 'stability' of these perennial crops, their sensitivity with 
respect to changes product price, yield, input prices and gross revenue 
will now be tested.
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5.3.2 Sensitivity Analysis of Sole Crops
A lot of assumptions were made while formulating orchards models, 
therefore sensitivity analysis is essential. The possibility of 
different sensitivity analysis being undertaken is made relatively easy 
in MULBUD because it recalculates all the important decision criteria 
within a minute.
In most of the orchard models about a 55 per cent decrease in 
yield and a 50 per cent decrease in output price brings the SNPV down 
to about the break-even level at the chosen (13.5 per cent) discount 
rate. Similarly, with the B/C ratios, the rise in the material costs 
would have to be very great indeed to introduce losses. This shows that 
the orchards are robust (in terms of profitability) with respect to 
substantial falls in both yield and output price, and with respect to 
increases in input prices.
The annua] crops on the other hand, are highly sensitive to any 
drop in yield or output prices. A 25 per cent drop in output price or 
yield brings negative returns unless the assumption of zero cost of 
family labour holds. If we charge the normal market price for the 
maize, millet and wheat, the enterprises run at loss using hired labour 
and just about the break-even for maize and millet with the assumption 
of the positive opportunity cost of family labour.
Sensitivity Analysis of Selected Half-Hectare Orchard
Table 5-7 (A and B) shows approximate break-even results for apple 
and walnut for MHH model farm with the positive opportunity cost of 
family labour. Here, the yield has been decreased by 55 per cent and 
output price dropped by 50 per cent. The approximate break-even point 
of the above scenario still gives B/C ratios slightly greater than one. 
These indicate that the cost can also be increased by 6.8 per cent in 
apple and 3.9 per cent to get complete break-even results.
The robustness ('stability') of the perennials can also be 
illustrated by the MULBUD Sensitivity Matrices given in Table 5-8 and 
5-9 for the standard 'best estimates' for the MHH size of enterprise. 
The selected discount rate (13.5 per cent) is used. The matrices 
present the SNPV in each cell with respect to changes in material costs 
(horizontal axis) and gross revenues (vertical axis). Thus a decrease
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Table 5-7: Overall Summary of MHH Apple and Walnut Model Farm
at About Break-Even
A. 0 V E R A L L  S U M M A R Y
Enterprise: APPLE 0C 55XYLD&50%PP DE* Area Unit: 0.5 HA.
Item NRS.
1.. Terminal Value 0.00 6. Labour Use : 7HRDAY
?.. SNPV (3 13.50%) 2110.51
3.. Amortized values : Overa11 Total 5249.66
.1 (per year) 297.46 Av. Total / year 209.98
.2 (per season) 46.99 Av. Total / season 34.99
4. SNPV / LUI at Maturity 3015.01 A v. Hired / year 86.83
5. SNPV / 7HRDAY 0.40 Av. Hired / season 14.47
7. Sum of Present Values : 8. Benefit/Cost Ratios *
a) Gross Revenue + T.V . 33293.92
t>) Total Costs -31183.41 [ a ] / : b : 1.068
c ) Material Costs -14023.63 [ 2 - c ] •' : c : 1.151
d) Cash Costs -21436.39 c 2 - d ] / : d: 1.098
e) Fixed Costs -1224.97 [ 2 - e ] / : e : 2.723
(Bv MULBUD)
O V E R A L L S U M M A R Y
En t er p r ise: UIALNUT 0C 55%Y L D 5 0 % P P DE * Area Unit: 0.5 HA
Item N R S.
1 . Termi nal Value 0.00 6. Labour Use 7HRDAY7 SNPV (3 13.50%) 642.16
7 Amor tized v31ues : Overa1i Total 1727.83
. 1 (per year) 90.51 Av . Total year 69.11
(per season) 14.30 Av. Total / season 11.51
4 . SNPV / LUI at Maturity 1070.27 Av. Hired / year 24.00
5. SNPV / 7HRDAY 0.37 Av . Hired / season 4.00
7. S u m o f Present Values : 8. Benefit/Cost Ratios
a ) Gross Revenue + T.V. 17281.39
b ) Total Costs -16639.23 [ a ] / lb 1.039
c ) Material Costs -10726.51 C 2 - c ] / ! c 1 1.060
d ) Cash Costs -12647.41 [ 2 - d 3 / : d: 1.051
e Fixed Costs -1224.97 [ 2 - e 1 f ; 1 1.524
(By MULBUD)
*Enterprise results with positive opportunity costs of family labor, 
55 per cent decrease in yields and 50 per cent decrease in prices 
from best estimates.
Table 5-8: Sensitivity Analysis of MHH Apple Model Farm
82
Enterprise: APPLE OPPORTUNITY COST* Area Unit: 0.5 HA.
Sensitivity Analysis of Costs and Returns 
SNPV in NRS. at 13.5 percent per annum
Horizontal axis = % change in MATERIAL COST 
Vertical axis = % change in GROSS REVENUE







































































30061.32 -2 0 .0%
(By MULBUD)
*Enterprise results with positive opportunity cost of family labour 
and best estimates of output and prices.
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Table 5-9: Sensitivity Analysis of MHH walnut Model Farm
E n t e r p r i s e :  U A L N U T  O P P O R T U N I T Y  C O S T *  Area Unit: 0.5 HA.
S e n s i t i v i t y  A n a l y s i s  of C o s t s  a nd  R e t u r n s  
SNPV in NRS. at 15.5 percent per annum
Hor i z on ta l  axi s  = % c h a n g e  in M A T E R I A L  COST 
Vertical axi s  = % c h a n g e  in G R O S S  R E V E N U E
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^Enterprise results wit11 positive opportunity cost of family labour 
and b°st estimates of output and prices.
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of 20 percent in gross revenues and a 20 per cent increase in material 
costs in apple still provides the SNPV NRS. 74.45 thousand. Similarly, 
in walnut, the SNPV is NRS. 41.02 thousand even if the gross revenues 
are decreased by 20 percent and material costs are increased by 20 per 
cent.
The annual crops on the other hand, are found highly sensitive to 
drop in yield or output prices. A 25 per cent drop in output prices or 
yields brings negative returns unless the assumptions of zero cost of 
family labour holds. If we use the farmgate normal sale price for 
maize, millet and wheat the B/C ratio comes to 1.13 (maize), 1.07 
(millet) and 0.74 (wheat).
The above analysis has shown that apple and walnut are able to be 
'sustainable' and 'stable' in economic terms and are able to maintain 
higher returns per unit of "pakno" land than is possible with annual 
crops.
5.4 Analysis of Intercropping Models
The study now turns to examine the possibility of enhancing the 
return from these already profitable orchards by intercropping among 
the trees during the immature period. In MULBUD terminology, the tree 
crops, are refered to as the 'base' crop enterprises in 
'Multi-enterprise modeling' since they define the period of analysis. 
For the next stage the pessimistic, break-even, assumptions regarding 
returns to the tree crops are used and annual crops are kept at the 
'best estimate' level.
Three farm sizes are considered (see Chapter 4, Section 1). Table 
5-10 and 5-11 present the summary results for apple and walnut under 
break-even assumptions and also the results for the intercropping 
models described in section 5.2.
By intercropping among the apple trees or walnut trees, all the 
main economic indicators have improved significantly in all three 
farming types. Clearly the larger the farm size the greater of the 
SNPV and Annuity. The improvement in the return could be gauged from 
any of the measures but is probably easiest to see in the change in the 
B/C ratio above the break-even value of about one. The largest
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Table 5-10: Summary Results of Apple Intercropped Models
Compared to Sole Crop Apple Over 25 Years 
at About Break-Even Point
Farm Type ! SHH j MHH ! SFG
!I Area 0 15 ha !| Area 0.5 ha !I
Area 1.5 ha
Indicators !1 Apple Model I!| Apple Model II!| Apple Model III
SNPV ( 13.5 %) !
In NRS. 1000 !! 0.14 3.32 2.11 11.51 0.59 16.54
Yearly Annuity !
In NRS. 1000 !1




( 13.5 %) ! 1.02 1 . 19 1.07 1.20 1.01 1.10
IRR ! 13.7 20.3 14.5 21.4 13.6 16.20
Table 5-11: Summary Results of Walnut Intercropped Models
Compared to Sole Crop Walnut Over 25 Years 
at About Break-Even Point






Area 0.5 ha !
SFG
Area 1.5 ha
Indicators !Walnut Model I! Walnut Model II!| Walnut Model III
SNPV ( 13.5 %) 
In NRS. 1000 ! 0.40 3.79 0.64 12.08 1.84 17.94
Yearly Annuity 
In NRS. 1000 ! 0.06 0.53 0.09 1.70 0.26 2.53
B/C Ratio 
( 13.5 %) ! 1.07 1.26 1.03 1.27 1.03 1.15
IRR ! 14.3 25.9 13.9 29.9 13.9 18.6
improvement of the B/C ratio (about 24 per cent) is in walnut in the 
MHH (0.5 ha.) farm size and the lowest is in in apples for the SFG (1.5 
ha.)(about 10 per cent).
Between Model I ( the smallest farm size) and Model II there are 
constant returns to scale in apple models since the size increases by 
3.33 times and the SNPV increases by the same amount (when due to 
allowance is made for the different starting values of the sole crops). 
Between Model II and III there are distinct dis-economies of size: 
there is a three fold increase in area but only a 44 per cent increase
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in the SNPV. A similar pattern occurs for walnut . The causes for this 
are the assumption that all labour is hired in the larger sized farm 
and also that only potatoes are used as an intercrop - cereals are not 
used.
Analysis of Selected Half-Hectare Model
Here, the pessimistic, break-even, assumptions regarding returns 
to the tree crops hold: yields are reduced by 55 per cent and product 
prices by 50 per cent. Annual crops are kept at the 'best-estimate' 
level.
Figure 5-1 and 5-2 show the profile of land usage and light 
interception with time, for apple and walnut respectively. The profiles 
show the dynamics of LUI and LII both in apple and walnut Model II. In 
the models, light looks like being the binding constraints rather than 
land. Model II of apple, in the first year (season six), when land is 
used about 80 percent, the LII is about 85 per cent. Similarly in the 
fifth year (season six), the LUI is about 82 per cent whereas, LII is 
98 per cent. But in the tenth year, (at maturity of base year) the LUI 
is 70, whereas LII is 100. The LII declines as the apple approaches 
'senility'. A similar patterns occures for walnut.
For these models the Cropping Intensity Index (CII) is 170 for the 
first two years and decreases to 100 in fifth year (apple) and seventh 
year (walnut) when intercropping ceases. The CII reflects the 
commitment of the land to any crop (e.g. apple or walnut) irrespective 
of the stage of maturity.
Table 5-12 (A and B) shows the overall summary of intercropping 
Model II. The SNPV (NRS12.08 thousand) and Annuity (NRS 1.70 thousand) 
are slightly higher for walnut than for apple. The discounted gross 
revenues are higher in apple however, the relative cost is smaller in 
walnut. Both in apple and walnut a larger amount of the cash cost 
requirement is for variable materials cost than for labour or fixed 
costs. This is because, only a small amount of hired labour and 
relatively nominal amount for fixed costs are required.
In the overall Summary Results, the first benefit/cost ratio 
(Table 5-12, section 8) shows that costs can be increased by about 20 
per cent (27 per cent) in apple (walnut) before the Model just breaks
Figure 5-1 Profile of Land Usage and Light Interception 
With Time for Apple Model II
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even. Similarly the second ratio shows that the materials cost can be 
increased over 45 per cent (apple Model IJ) and 50 per cent (walnut 
Model II) before the Model only just breaks even. The cash costs can be 
increased over 36 per cent (apple Model II) and 50 per cent (walnut 
Model II) before the Model just breaks even.
Now we evaluate the changes in profitability by intercropping 
compared to the break-even level of the base enterprises. Table 5-12, A 
shows that the discounted gross revenue improves to NRS69.90 thousand 
from NRS33.29 thousand (Table 5-7) in apple Model II. Similarly Table 
(Table 5-12, B) shows the improvement of discounted gross revenue in 
walnut Model II from NRS.7.28 thousand (Table 5-7, B) to NRS56.88 
thousand. The cash costs requirements increases from NRS21.44 thousand 
to NRS31.95 thousand in apple Model II, whereas in walnut Model II, the 
requirement of cash costs increases from NRS12.65 thousand to NRS23.73 
thousand.
In apple model II, the positive SNPV (Appendix G) starts from the 
thirteenth year, season two (NRS77). Whereas before intercropping, with 
the break-even assumption, the positive SNPV starts only on Twenty 
first year (season two)(NRS. 144) (break-even level). However, in 
Walnut Model II, the positive SNPV (NRS48) (Appendix H) starts from the 
eight year, season two. Before intercropping the positive SNPV (NRS89) 
only started in twenty third year (season three). This shows that SNPV 
improves significantly by intercropping. Similarly, the annuity 
improves from NRS0.3 thousand to NRS1.62 in apple and NRSO.09 thousand 
to NRS1.7 thousand in walnut model (Table 5-10 and 5-11). This implies 
that by intercropping , some cost of the perennials in the gestation 
period are neutralised by the positive returns of annual crops. This 
shows the intra-year stability of the models by intercropping within 
the immature periods.
Similarly Table 5-10 and 5-11 show the improvement of IRR from 
14.5 to 21.4 per cent (apple Model II) and in walnut Model II, it 
improves from 13.9 to 29.9 per cent. The B/C ratio improves from 1.07 
to 1.20 in apple Model II, whereas it improves 13.9 to 29.9 in walnut 
Model II. Similarly other ratios also improve both in apple and in 
walnut Model 11.
90
Table 5-12: Summary Table of Model II
A.
Budget:
O V E R A L L
a p p l e:c e r e a l:potato
S U M M A R Y
Area UnitI 0.5 HA.
I t e m N R S .
1. T e r m i n a l  V a l u e 0 . 0 0 6. L a b o u r  U s e  ^ 7 H R D A Y
2 S N P V  (0 13.50*/.) 1 1 5 1 3 . 4 8
3. A m o r t i z e d  v a l u e s  ' O v e r  a 11 T o t a l 6 4 1 2 . 1 6
.1 ( p e r  y e a r ) 1 6 2 2 . 7 6 Av. T o t a l  / y e a r 2 5 6 . 4 8
.2 ( p e r  s e a s o n ) 2 5 6 . 3 9 Av. T o t a l  / s e a s o n 4 2 . 7 4
4. S N P V  / L U I  at M a t u r i t y 1 5 2 4 3 . 0 2 Av. H i r e d  / y e a r 6 1 . 6 2
5. S N P V  / 7 H R D A Y 1 . 7 9 A v .  H i r e d  / s e a s o n 1 0 . 2 7
7. S u m  o f  P r e s e n t  V a l u e s  : 8 . B e n e f i t / C o s t  R a t i o s :
a ) G r o s s  R e v e n u e  + T .V . 6 9 S 9 6 . 33
b ) T o t a l  C o s t s - 5 8 3 8 2 . 8 4 [ a ] / 1 b : 1 . 1 9 7
c) M a t e r i a l  C o s t s - 2 5 4 2 4 . 3 6 t 2 - c ] / : c : 1 . 4 5 3
d ) C a s h  C o s t s - 3 1 9 5 4 . 7 1 [ 2 - d 3 / : d : 1 . 3 6 0
e) F i x e d  C o s t s - 1 2 2 4 . 9 7 [ 2 - e ] / lei 1 0 . 3 9 9
( B y M U L B U D )
0 V E R A L L U M M A R V
B u d g e t  : IdALNUT : C E R E A L  : P O T A T O Ar ea Un l t 0 . 5  HA.
I t e m N R  _ .
1 . T e r m i n a l  V a l u e 0 . 0 0  6 L a b o u r  U s e 7 H R D A Y
2. S N P V  (0 1 3 . 5 0 % ) 1 2 0 7 9 . 4 9
3. A m o r t i z e d  v a l u e s  * O v e r  all T o t a l 3 0 6 6 . 3 4
.1 ( p e r  y e a r ) 1 7 0 2 . 5 4 A v . T o t a l  / y e a r 1 2 2 . 6 5
.2 ( p e r  s e a s o n ) 2 6 8 . 9 9 Av. T o t a l  / s e a s o n 2 0 . 4 4
4 . S N P V  / L U I  at M a t u r i t y 0 . 0 0 A v  . H i r e d  / v e a r 1 . 5 7
c: S N P V  / 7 H R D A Y 3 . 9 3 A v  . H i r e d s e a s o n 0 . 2 6
7. S u m  o f  P r e s e n t  V a l u e s  : 3 B e n e f i t / C o s t  R a t i o s
a) G r o s s  R e v e n u e  + T.V. 5 6 8 8 0 . 6 1
b ) T o t a l  C o s t s - 4 4 S Q 1 .12 [ a ] / : b : 1 . 2 7 0
c ) M a t e r i a l  C o s t s - 2 3 0 6 8 . 3 6 r 2 - •; I / : c ‘ 1 . 5 2 4
d) C a s h  C o s t s - 2 3 7 3 3 . 8 7 [ 2 - d I / : d : 1 . 5 0 9
e) F i x e d  C o s t s - 1 2 2 4 . 9 7 [ 2 - e 3 • : e : 1 0 . 8 6 1
(B y M U L B U D )
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Sensitivity Analysis of Selected Model II
Table 5-13 and 5-14 shows the sensitivity analysis of model II of 
apple and walnut. These tables are self explanatory for the different 
scenarios of the model by changing the discount rate, material costs 
and gross revenues.
MULBUD shows the four discount rates for sensitivity analysis, 
both SNPV and Annuity remain positive for the 8 and 16 per cent rate 
and remain negative for the 24 and 32 per cent rate in apple (Table
5-13). This is expected since the IRR is 21.4 per cent in apple.
Nevertheless, this check was done to ensure that there were not
multiple IRR caused by the fluctuating signs of net revenue. This 
demonstrates the insentiveness of the orchard income with respect to 
changes in the opportunity cost of capital. The results for walnut show 
four discount rates close to the internal rate of return of 29.9 per 
cent (Table 5-14).
The second part of the Table 5-13 and 5-14 shows the sensitivity 
of SNPV changes in the gross revenues and material costs. The earlier 
discussion of sensitivity analysis of sole crops clearly demonstrated 
that the orchards are 'sustainable'. However, this sensitivity analysis 
is concerned with the sustainability of our pessimistic intercropping 
model. The results shows that even with about 10 per cent decrease in 
gross revenues and increase in material cost, apple intercropping model 
still can sustain a positive SNPV, whereas, the walnut model is able to 
sustain a positive SNPV even if 10 per cent decrease in gross revenues 
and 20 per cent increase in material costs.
The analysis suggests that the pessimistic intercropping models 
improved the productivity or profitability of the orchards compared to 
monocropping of the perennials (at break-even level). The models are 
also able to sustain improved productivity with increased costs.
The analysis of the sole crops showed that the profitability or 
productivity of "pakho" land of the case study area could be increased 
by specializing in apple or walnut cropping. The sensitivity analysis 
of perennial crop model farms demonstrated that the orchards are able 
to be sustainable and stable. Apple or walnut gives higher return per 
unit of "pakho" land than from the cereals or potato crops. But not 
many farmers in the Hills are undertaking horticultural tree crops as a
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Table 5-13 : Sensitivity Analysis of Apple Model II
Budget: APPLE:CEREAL:POTATO Area Unit: 0.5 HA.
S E N S I T I V I T Y  A N A L Y S I S
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Table 5-14 : Sensitivity Analysis of Walnut Model 11
Budget* WALNUT • CEREAL : POTATO Area Unit* Q .5 H A .
S E N S I T I V I T Y  A N A L Y S I S
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commercial enterprise because of the long gestation period involved. 
Our analysis showed that the intercropping of annual crops among the 
horticultural crops should reduce their worries, because it helps to 
ensure inter-year stability. Furthermore, within this gestation period, 
if the hill people intercrop their cereals among the apple or walnut 
they do not need to find other sources of income. Secondly, this helps 
to improve the profitability of the orchards itself by improving the 
productivity of of "pakho" land.
The results of the sensitivity analysis of all the intercropping 
models demonstrated that the models are sustainable, which helps to 
lessen the risks of horticultural tree crops. The models also help to 
improve the level of living in the study area by equitability. As the 
introduction of productive enterprises, the output of the "pakho" land 
are increased and in turn, more employment is created within and 
outside the orchards. Thus it helps to improve the income of the 
orchard owners by specialization and trade of apple or walnut. In due 
course of time, the income of the marginal and landless Hill people, 
employed within and outside the orchards could be increased. This is 
especially the case in the SFG model, where only hired labour is used. 
The SHH and MHH models provide employment for the family and in MHH 
model, it also provides some employment potential for others. The 
models also help to some extent the nutritional levels in the Hills. As 
nutritional status increases so will the quality of the work force and 
the ability to generate more income. As income rise, there will be 
indirect influence on increase in demand for education and better 
health facilities, which in turn may effect the birth rate, the 
marginal productivity of labour and the distribution of incomes.
Moreover, these tree crops can also have a soil protection benefit 
because the leaf canopy does not allow the direct impact of heavy 
summer rain on the soil. Furthermore, as the walnut roots penetrate up 
to a depth of about three meters, they can hold the soil from further 
erosion in the Hills (Singh et. al. , 1963, p.372). These are external 
benefits from the orchards, which have not been quantitified in this 
study but which benefit the community as a whole.
95
CHAPTER 6
SUMMARY, CONCLUSION AND POLICY IMPLICATIONS
The economic development of Nepal is largely dependent on the 
development of the Hill regions, as the Hills occupy a significant 
place in the geographic, demographic and agricultural framework of the 
country. The majority of the farmers in the Hills are operating their 
intensive crop-livestock farming systems at subsistence level. Rapidly 
increasing population, decreasing size of land holdings, declining 
productivity per unit of "Pakho" land, high soil erosion and 
deforestration in the Hills call for the investigation of all possible 
means of raising the incomes of the people in the Hills, where no new 
land is available. This situation has focused the attention of the 
planners on the relatively underutilised "pakho" land of the Hills.
The literature reviewed in Chapter 1 showed that there is little 
scope for more intensive production of existing crops, but there is 
scope for more profitable crops, or switching over to commodities like 
horticultural tree crops in which the Hills are likely to have a 
comparative advantage. Detailed micro-level studies examining the 
economics of enterprises and enterprise contributions using both 
production functions and linear programming have stressed potential of 
fruit and vegetable production in the Hills (Calkins 1981, 1982). 
Although static in nature, these studies emphasized the importance of 
these crops for profitability and trade, nutrition and employment.
The development plans also encourage the growing of horticultural 
crops in the Hills. However, the Sixth Five Years Development Plan 
(1980-85) explicitly cautioned that the suggested specialization in 
horticultural crops in the Hills should not mean the neglect of other 
possible forms of production. This, in turn, suggests "multicropping", 
which aims to increase crop production by the multiple use of the same 
resources within a specified period of time.
The different research institutions have developed a number of
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enterprise models for cereal and horticultural crops to be implemented 
by Ministry of Food and Agriculture but little work has been done on 
integrating these enterprises models into the whole farm. R/N IRDP 
(1983) also prepared some farm models for different cereal crops and 
horticultural tree crops. However, these models were little more than 
ideas, as they were not subjected to thorough economic assessment and, 
again, they did not take into account the possibility of intercropping 
with cereals and potato.
Our present exercise was designed to analyse the economics of 
apple and walnut crop production in the case study area and also to 
investigate the economic benefits associated with intercropping these 
horticultural tree crops. The three model farm sizes assumed for apple 
or walnut orchards for a small farm size (SHH=0.15 ha.), a medium or 
relative large farm size (MHH=0.5 ha.) and for an orchard with the 
pooled land of a small farmers group (SFG=1.5 ha.). An analysis of the 
profitability for apple and walnut crop production in these farm sizes 
was done. However, the models were not confined to the monocropping of 
the perennials. By taking into account the spatial and temporal 
constraints of these base crops, each of three intercropping models 
were built for the same three farm sizes. They were named: Model I for 
apple or walnut, Model II for apple or walnut and Model III for apple 
or walnut. From these ex-ante models the economic benefits associated 
with cereal and potato intercropping among apple or walnut trees were 
analysed, to show their profitability or productivity on 'pakho" land 
in the study area. An important aspect of this study is that the 
approach adopted was relatively simple and could be replicated by the 
Ministry of Food and Agriculture, for these and other enterprises and 
for other areas of the country.
Although partial budgeting techniques were used to analyse the 
cropping systems, care was taken to include as many "whole farm" 
consideration as possible. The Multi-period budgeting technique used 
was basically the same as the discounted cash flow approach that is 
standard with Benefit/Cost analysis. The prices used, however, were as 
close as possible to those actually faced by the farmer, although not 
all prices were strictly 'market prices'. The analysis was made easier 
by using the MULBUD computer package. Three standard economic
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criteria, namely, the Sum of Net Present Value (SNPV), Internal Rate of 
Return (IRR) and Benefit/Cost (B/C) ratio, were used to determine the 
economic viability of the models. The cost of time was taken into 
account by discounting benefits and costs at 33.5 per cent and also by 
calculating the IRR. Sensitivity analysis was done to check the 
economic robustness or the 'sustainability' and 'stability' of the 
models. Not only was the productivity of the orchards enhanced by 
intercropping, but so too was the 'stability', in the sense of 
lessening the negative net returns in the early years and evening-out 
labour flows. The cropping intensity was increased from 100 per cent to 
a peak of 170 per cent in the first year.
The results for apple and walnut showed very much higher returns 
per unit of "pakho" land than did the annual crops in the study area. 
Moreover, the results of the sensitivity analysis of both apple and 
walnut demonstrated that the models are robust with respect to 
substantial changes in assumptions. Thus the break-even level for the 
SNPV, at a 13.5 per cent discount rate, allows yields to fall by 55 per 
cent and product prices to fall by 50 per cent. However, not many 
farmers in the study area grow these crops as commercial enterprises, 
because of the long gestation period involved. The intercropping models 
of apple or walnut allowed intercropping of cereals or potato among the 
apple or walnut trees during their immature years. Thus the model helps 
to solve the food problem during the unproductive years of the 
orchards. Moreover, the results of the sensitivity analysis of all the 
intercropping models show that the models are able to sustain 
substantial unforseen decreases in returns or increases in costs and 
Stil 1 'pay'.
The analysis showed that apple provides more employment on average 
than the annual crops. The orchards provide employment for both family 
and outside labour. The young perennials require more labour than they 
do when mature, because intensive maintenance care is needed to ensure 
healthy trees are grown. As the trees grow older, the labour 
requirement within the orchards declines, however, the increased output 
has to be marketed and processed which requires substantially more 
labour. Furthermore, there is the possibility of establishing some 
cottage industries for packing, processing and transporting the apples
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and walnuts. In addition, the income per labour-day used is far higher 
for the orchards than for cereals.
If these enterprises do turn out to be as profitable as this 
analysis suggests, they would have a substantial impact on the overall 
income and health conditions in the district. In addition, 
horticultural tree crops could provide external benefits by protecting 
land from high soil erosion. The new mode of management in the Central 
Hills would improve the well-being of the people.
This diagnosis of the problem and the design of this component of 
a possible horticultural project has only been undertaken from the 
farmer's point of view. However, this district has already suffered 
from 'top-down' plans being imposed on it (Uphoff, 1985). Genuine 
consultative interaction with farmers would be essential for detailed 
design work. Nevertheless, the results strongly suggest that the income 
of the poor farmers in the project area can be raised by specializing 
and trading in horticultural crops, particularly apple or walnut. 
However, the study has not looked in detail at such things as credit 
requirements, marketing channels, organization and management of the 
orchards. All would be extremely important for the success of the 
proposed cropping systems, but could not be examined because of the 
limitation of time and lack of data. But, as suggested in Chapter 3, 
the design of such projects should be seen as an iterative process, 
where other aspects can be added as the feasibility of each step is 
assessed. The excellent results of the profitability aspects of apple 
and walnut should encourage such further research. If substantial 
public funds are required to lunch a substantial project then such 
further work should also include a full economic and social 
cost-benefit analysis from the national point of view, the credit 
requirements for the orchards, as well as the environmental impact of 
the orchards on the fragile environment of the Hills. Clearly, trials 
on a pilot basis with a range of specific varieties would also be 
necessary before widespread adoption of such farming systems could be 
recommended. Even if the trials are successful and the systems are 
recommended by the extension services, they will require careful 
monitoring to guard against disease and to ensure that cultural 
practices are maintained, so that the potential of such tree crops is
realized. Research will also be required on the introduction of more 
profitable annual crops in the early years of these orchards and the 
relative success or failure of the proposed SFG orchards.
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APPENDIX A
TECHNICAL RECOMMENDATIONS FOR THE CULTIVATION OF APPLES 
AND WALNUTS IN THE HILLS OF NEPAL
According to Singh, Krishnamurthi and Katyal (1963), Singh (1969), 
Gautam (1983) and Agricultural Diary (1985), the following cultural 




Apple is generally propagated by budding or grafting on seedlings. 
The seeds of the commercial varieties are used for raising the stock 
seedlings. Ripe buds of fruit should be used for budding. The buds 
should be cut only when the required preservation is done by wrapping 
them in damp cloths or by keeping them in a container with a little 
water. Shield- budding is done in the month of June. Grafting is done 
for the production of nursery plants and it can be done in two ways 
-either bench grafting or tongue grafting. But the top-grafting or 
top-working method should be adopted when established trees are brought 
into profitable conditions.
A.1.2 Planting
Planting is done generally in late winter, after the danger of 
frost is over. It should be delayed in colder months until early 
spring to avoid low temperature which may injure the newly set plants. 
Seedlings, as well as grafted apple plants can be lifted in winter with 
bare roots. The planting distance varies from 6 to 8 metres, depending 
upon the vigor of the plant and it varies according to the system of 
training adopted.
A.1.3 Pruning
The pruning and training of apple trees are very important. 
Because the trees can be shaped in such a way that branches become wide 
angled, strong and capable of bearing heavy crops continuously. The 
apple trees may be trained to various forms, such as
1. Open centre or vase form
2. Half standard and
3. Modified leader.
The modified leader form has become more popular. The trees should
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be shaped by the modified leader system with three to five main 
branches all around the trunk and at the time of planting the yearning 
branches at about seventy six centimetres from the ground should be 
removed and only well located side branches should be shortened. The 
trunk should be cleaned to about 1 to 1.5 metres from the ground. Some 
of the young shoots are removed, in order to make better growth of the 
remaining branches.
The first dormant pruning is to remove the scaffold branches by 
cutting back to thirty to sixty centimetres in length. The main 
branches should be only slightly lipped.
The second summer's pruning is to remove some of the secondary 
branches arising from these main limbs and allow only a few secondary 
branches to grow well.
The second dormant pruning is done after the summer prunning, and 
during that period when the crowded secondary branches are removed and 
the extra-vigorous ones headed back. In the third and fourth dormant 
pruning, usually all unnecessary and interfering branches should be cut 
off and water sprouts and sucker growth removed. The growth of the 
leader should be suppressed and should now be developed as a branch 
like the others. It takes four to five years for the laterals to 
develop properly all a round the main axis of the tree. In this way 
this process is continued for four or five years, at the end of which 
there are eight to ten scaffold branches.
The pruning of fruit bearing trees is important for maintaining a 
balance between growth and production. Too much growth results in poor 
fruiting and production would also be checked, otherwise overproduction 
results in devitalisation and loss of growth. With proper prunning, the 
branches should make a extension growth of about twentytwo centimetres 
every year, and increase the bearing area and maintain production. A 
light trimming of the branches should be done to mature apple trees, so 
that there are sufficient sun-light through the centre.
Older trees, bearing heavy crops of small sized fruit and making 
short extension growth, require more pruning than younger ones and it 
helps the new growth and maintains the vigour of fruit spurs.
Thinning of fruit has to be done in order to improve colour, size 
quality and the grade of fruit. The best time for thinning is just at 
fruit set. The thining spaces of the fruits are about fifteen 
centimetres apart. Usually, one fruit per cluster is left after 
thinning.
A.1.4 Harvesting and Marketing
The harvesting of different varieties of apple starts from August 
to November. The colour of the skin shows the appropriate time for 
harvest, changing from green to yellowish green, this may be taken as a 
sign that the fruit is in proper condition for harvesting. The ripening 
of green varieties may be judged by the apple's taste. The fruit should 
be removed from the tree very gently, otherwise a straight pull may 
injure the skin of fruit. The harvested fruit can be stored for about 
three to four months at room temperature in a temperate climate.
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A.2 Walnuts
A.2.1 Climate and Soil
The walnut requires a climate which is free from extreme heat in 
summer. If the temperature is below freezing point it effects the 
newly bloomed flowers and if it is too hot in summer with low humidity, 
the nuts become blanks. Therefore the Hills are suitable for its 
planting.
The soil for walnut must be well drained, deep silt loam 
containing an abundance of organic matter. It should not have a 
fluctuating water level, hardpan, sandy sub-soil and alkali.
A.2.2 Varieties
According to shape and character walnuts are divided into 75 
groups, but there are no standard names. Excellent qualities of trees 
produce white thin shelled walnuts. Its kernel can be separated easily 
and has excellent flavour. The native walnut is very hard shelled and 
small in size.
A.2.3 Propagation
Walnut seedlings generally come up naturally and are allowed to 
grow. Among many these trees, only a few bear high quality nuts. The 
walnut cultivation can be greatly improved if all the high quality 
trees are marked and the best of them propagated intensively.
A.2.4 Raising of Seedlings
The walnuts should be collected from high yielding trees and the 
nuts should be big in size, bright brown or bright yellow in colour and 
have good cracking quality of the shell, good taste and flavour of the 
kernel. The nuts are shown immediately after the preparation of beds 
and must be about thirty centimetres distance between rows and from 
seed to seed in the row. The nuts are sown about eight to ten 
centimetres deep. The germination starts in the beginning of March. In 
the first year only roots develop, and in the second year seedlings 
develop very fast. By the time the growth stops in autumn the plants 
will ready for transplantation. Normally, the young plants are prepared 
by agricultural farms in the district.
A.2.5 Cultural Practices
The tree are generally planted at end of winter. The tree attains 
a huge size and the distances from row to row and tree to tree should 
not be less than 12 metres. With a triangular layout this gives 100 
trees to the hectare.
A.2.6 Pruning
The trees should be trained on 30 centimetres and scaffold 
branches should be retained at proper places. Any more branches, 
diseased and dry twigs should be removed every year.
A.2.7 Pollination
The male and female flowers are borne at different location on the 
same tree. So it is monoecious. The maleflowers (catkins) are the 
elongated structures which develop on the previous seasons's growth. 
The female flowers (Pistillate) are born on the tips of the first 
spring flush of growth of new shoots. Pollination is normally done by 
wind and insects.
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A.2.8 Harvesting and Marketing
At the time of maturity, the shells which cover the nuts will 
split and nuts fall to the ground. Nuts can be made to drop to the 
ground by shaking the branches by hand or striking them with long 
poles. This has to be repeated 2 to 3 times at intervals to collect the 
whole crop. The nuts are collected from the ground, cleaned, washed and 
dried by spreading them on a floor. The nuts which fall with their 
husks are generally of second grade. They should be stored separately 
after cleaning, otherwise they will lower the price of the whole lot. 
Before marketing, the nuts should be graded according to the variety, 
size and colour which will help in obtaining a better return. Walnuts 
should be stored in jute bags in small ventilated rooms free of 
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APPENDIX D
SUMMARY RESULTS OF APPLE MUU MODEL FARM
E n t e r p r i s e :  APPLE OPPORTUNITY COST Area  U n i t :  0 - 5  HA .
S U M M A R Y  R E S U L T S
*  s
*  e V C o s t  s / ------------------------- \ R e t u r  n s /  -
T d 1 O l d  1 > ■ /  Or  oss
e s Labour Lab our M a t e r i a l T o ta l Rev - Net N .  R .  / 0
a o Costs Costs Costs en u e Revenue 7HRDAY 1 3 . 5 0 */.
r  n 7HRDAY NRS . NRS. NRS . NRS . NRS . NRS . NRS .
1 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
3 0 . 0 0 0 . 0 0 5 8 2 5 . 0 0 5 8 2 5 . 0 0 0 . 0 0 - 5 8 2 5 . 0 0 0 . 0 0 - 5 4 6 7 . 6 1
4 1 78 .0 0 3 0 5 0 . 0 0 3 2 7 2 .1 0 6 3 2 2 . 1 0 0 . 0 0 - 6 3 2 2 . 1 0 - 3 5 .5 1 - 1 1 2 7 7 . 9 0
5 1 0 .0 0 1 40 .0 0 1 00 0 .0 0 1 14 0 .0 0 0 . 0 0 - 1 1 4 0 .0 0 - 1 1 4 . 0 0 - 1 2 3 0 3 . 7 3
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 2 3 0 3 . 7 3
2 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 2 3 0 3 . 7 3
2 1 3 .0 0 1 04 .0 0 0 . 0 0 1 04 .0 0 0 . 0 0 - 1 0 4 .0 0 - 8 . 0 0 - 1 2 3 9 1 . 5 7
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 2 3 9 1 . 5 7
4 4 6 . 0 0 6 4 4 . 0 0 6 2 9 . 0 0 1 27 3 .0 0 0 . 0 0 - 1 2 7 3 . 0 0 - 2 7 . 6 7 - 1 5 4 2 2 . 3 5
5 2 3 . 0 0 3 2 2 . 0 0 0 . 0 0 3 2 2 .0 0 0 . 0 0 - 3 2 2 . 0 0 - 14 .0 0 - 1 3 6 7 7 .6 4
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 C.OC 0 .  GO - 1 3 6 7 7 . 6 4
3 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 15671 ' .64
2 2 9 . 0 0 2 3 2 . 0 0 0 . 0 0 2 3 2 . 0 0 0 . 0 0 - 2 5 2 . 0 0 - 8 . 0 0 - 1 3 8 5 0 . 2 9
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 0 0 - 1 3 8 5 0 . 2 9
4 4 6 . 0 0 6 4 4 . 0 0 3 7 9 . 0 0 1 02 3 .0 0 0 . 0 0 - 1 02 3 .0 0 - 2 2 . 2 3 -1  4 5 3 0 . 1 2
5 3 9 .0 0 5 4 6 . 0 0 0 . 0 0 5 4 6 . 0 0 0 . 0 0 - 5 4 6 . 0 0 - 1 4 .0 0 - 1 4 9 6 1 .5 1
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 Ü.ÜG - 1 4 9 6 1 .5 1
4 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 4 9 6 1 .5 1
2 2 9 . 0 0 2 3 2 . 0 0 0 . 0 0 2 3 2 . 0 0 0 . 0 0 - 2 3 2 . 0 0 - 3 . 0 0 - 1 5 1 1 3 . 6 2
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 5 1 1 3 . 6 2
4 4 6 . 0 0 6 4 4 . 0 0 3 79 .0 0 1 02 3 .0 0 0 . 0 0 - 1 0 2 3 .0 0 - 2 2 . 2 3 - 1 5 7 5 6 . 6 4
5 3 9 . 0 0 5 4 6 . 0 0 0 . 0 0 5 4 6 . 0 0 0 . 0 0 - 5 4 6 . 0 0 - 1 4 .0 0 -  1 6 0 9 2 . 6 7
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 6 0 9 2 . 6 7
5 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 6 0 9 2 . 6 7
2 2 9 . 0 0 2 3 2 . 0 0 0 . 0 0 2 3 2 . 0 0 0 . 0 0 - 2 3 2 . 0 0 - 8 . 0 0 - 1 6 2 2 6 . 6 9
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 6 2 2 6 . 6 9
4 4 6 . 0 0 6 4 4 . 0 0 3 7 9 .0 0 1 02 3 .0 0 0 . 0 0 - 1 02 3 .0 0 - 2 2 . 2 3 - 1 6 7 9 3 . 2 3
5 3 9 . 0 0 5 4 6 . 0 0 0 . 0 0 5 4 6 . 0 0 0 . 0 0 - 5 4 6 . 0 0 - 1 4 .0 0 - 1 7 0 8 9 . 2 9
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 7 0 8 9 . 2 9
6 1 - 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 7 0 8 9 . 2 9
2 4 8 . 3 3 3 86 .6 4 0 . 0 0 3 8 6 .6 4 2 4 5 0 . 0 0 2 0 6 3 . 3 6 4 2 . 6 9 - 1 6 0 3 9 .1 1
3 15 .1 4 3 0 2 .8 0 0 . 0 0 3 0 2 .8 0 2 1 0 0 . 0 0 1 7 9 7 .2 0 1 1 8 . 7 0 - 1 5 1 4 3 . 5 0
4 1 0 .0 0 140 .0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 - 1 5 4 3 1 . 8 6
5 3 3 . 0 0 4 6 2 .0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 1 5 7 4 8 . 1 3
6 10 .0 0 1 60 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 1 5 9 1 6 . 5 2
7 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 5 9 1 6 . 5 2
9 5 9 . 2 8 4 74 .2 4 0 . 0 0 4 74 .2 4 4 2 0 0 . 0 0 5 7 2 5 . 7 6 6 2 . 8 5 - 1 4 2 4 5 . 7 9
3 21 .7 1 4 3 4 .2 0 0 . 0 0 4 3 4 . 2 0 3 1 5 0 . 0 0 2 7 1 5 . 8 0 1 2 5 . 0 9 - 1 3 0 5 3 . 3 8
4 1 0 .0 0 1 40 .0 0 6 0 1 . 0 0 7 4 1 .0 0 0 . 0 0 - 7 4 1 . 0 0 - 7 4 . 1 0 - 1 3 3 7 1 . 9 3
5 3 3 . 0 0 4 62 .0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 1 3 6 5 0 . 5 8
6 10 .0 0 1 60 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 .0 0 - 3 6 . 0 0 - 1 3 7 9 8 . 9 4
8 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0G 0 . 0 0 0 . 0 0 0 . 0 0 - 1 3 7 9 8 . 9 4
2 8 7 . 7 5 7 95 .0 0 0 . 0 0 7 9 5 .0 0 8 7 5 0 . 0 0 7 9 5 5 . 0 0 9 0 . 6 5 - 1 0 6 5 5 . 9 9
3 3 2 . 6 6 6 5 3 .2 0 0 . 0 0 6 5 3 . 2 0 4 9 0 0 . 0 0 4 2 4 6 . 8 0 1 3 0 .0 3 - 9 0 1 3 . 1 6
4 10 .0 0 140 .00 3 5 1 .0 0 4 9 1 .0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 - 9 1 9 9 . 1 3
5 3 3 . 0 0 4 6 2 .0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 9 4 4 4 . 6 4
6 10 .00 160 .0 0 2 0 0 .0 0 3 6 0 .0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 9 5 7 5 . 3 6
9 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 5 7 5 . 3 6
9 1 31 .5 5 1671 .0 0 0 . 0 0 1 67 1 .0 0 1 5 7 5 0 .0 0 1 4 0 7 9 .0 0 1 0 7 .0 2 - 4 6 7 4 . 4 9
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3 7 4 . 2 7 1 4 8 5 . 4 0 0 . 0 0 1 4 8 5 . 4 0 1 1 5 5 0 . 0 0 1 0 0 6 4 . 6 0 1 3 5 . 5 1 - 1 2 4 4 . 1 9
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 - 1 4 0 8 . 0 4
5 5 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 1 6 2 4 . 3 4
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 1 7 3 9 . 5 1
1G 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 7 3 9 . 5 1
2 1 9 5 . 0 6 2 9 4 1 . 2 0 0 . 0 0 2 9 4 1 . 2 0 2 5 9 0 0 . 0 0 2 2 9 5 8 . 8 0 1 1 7 . 7 0 5 3 0 1 . 8 0
3 9 6 . 1 7 1 9 2 3 . 4 0 0 . 0 0 1 9 2 3 . 4 0 1 5 0 5 0 . 0 0 1 3 1 2 6 . 6 0 1 3 6 . 4 9 9 2 4 3 . 5 8
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 9 0 9 9 . 2 1
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 8 9 0 8 . 6 4
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 8 8 0 7 . 1 7
11 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 8 0 7 . 1 7
2 2 1 9 . 1 5 3 4 2 3 . 0 0 0 . 0 0 3 4 2 5 . 0 0 2 9 7 5 0 . 0 0 2 6 3 2 7 . 0 0 1 2 0 . 1 3 1 5 9 2 1 . 1 2
3 1 2 9 . 0 2 2 5 8 0 . 4 0 0 . 0 0 2 5 3 0 . 4 0 2 0 3 0 0 . 0 0 1 7 7 1 9 . 6 0 1 3 7 . 3 4 2 0 6 0 9 . 2 2
4 1 0 . 0 0 1 4 0 . 0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 2 0 4 5 6 . 1 3
5 3 5 . 0 0 4 6 2 . 0 0 1 2 0 0 . 0 0 1 6 6 2 . 0 0 0 . 0 0 - 1 6 6 2 . 0 0 - 5 0 . 3 6 2 0 0 3 4 . 5 8
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 1 9 9 4 5 . 1 8
12 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 9 9 4 5 . 1 8
2 2 3 0 . 1 0 3 6 4 2 . 0 0 0 . 0 0 3 6 4 2 . 0 0 3 1 5 0 0 . 0 0 2 7 8 5 8 . 0 0 1 2 1 . 0 6 2 6 5 7 7 . 4 7
3 1 4 6 . 5 4 2 9 3 0 . 8 0 0 . 0 0 2 9 3 0 . 8 0 2 3 1 0 0 . 0 0 2 0 1 6 9 . 2 0 1 3 7 . 6 3 3 1 2 7 8 . 9 7
4 1 0 . 0 0 1 4 0 . 0 0 6 0 1 . 0 0 7 4 1 . 0 0 0 . 0 0 - 7 4 1 . 0 0 - 7 4 . 1 0 3 1 1 0 9 . 8 5
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 - 0 0 - 2 0 . 0 6 3 0 9 6 1 . 9 1
6 1 0 . 0 0 1 6 0 . 00 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 5 0 8 8 3 . 1 4
13 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 0 8 8 3 . 1 4
2 2 4 1 . 0 5 3 3 6 1 . 0 0 0 . 0 0 3 3 6 1 . 0 0 3 3 2 5 0 . 0 0 2 9 3 8 9 . 0 0 1 2 1 . 9 2 3 7 0 4 7 . 7 1
3 1 6 4 . 0 6 3 2 8 1 . 2 0 0 . 0 0 3 2 8 1 . 2 0 2 5 9 0 0 . 0 0 2 2 6 1 8 . 3 0 1 3 7 . 8 6 4 1 6 9 3 . 0 9
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 4 1 5 9 4 . 3 5
5 5 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 4 1 4 6 4 . 0 1
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 4 1 3 9 4 . 6 1
14 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 4 1 3 9 4 . 6 1
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 4 7 1 0 8 . 8 9
3 1 8 1 . 5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 . 0 0 2 5 0 6 3 . 4 0 1 3 8 . 0 5 5 1 6 4 4 . 9 9
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 5 1 5 5 8 . 0 0
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 5 1 4 4 3 . 1 6
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 5 1 3 8 2 . 0 2
15 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 1 3 8 2 . 0 2
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 5 6 4 1 6 . 6 2
3 1 8 1 . 5 8 6 o 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 3 3 . 0 5 6 0 4 1 3 . 1 9
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 6 0 3 3 6 . 5 4
5 3 5 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 6 0 2 3 5 . 3 7
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 6 0 1 8 1 . 4 9
16 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 0 1 8 1 . 4 9
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 6 4 6 1 7 . 2 7
3 1 8 1 . 5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 3 8 . 0 5 6 8 1 3 8 . 4 7
4 1 0 . 0 0 1 4 0 . 0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 6 8 0 5 7 . 1 9
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 6 7 9 6 8 . 0 5
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 6 7 9 2 0 . 5 8
17 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 7 9 2 0 . 5 8
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 7 1 8 2 8 . 7 5
3 1 8 1 . 5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 3 8 . 0 5 7 4 9 3 1 . 1 3
4 1 0 . 0 0 1 4 0 . 0 0 6 0 1 . 0 0 7 4 1 . 0 0 0 . 0 0 - 7 4 1 . 0 0 - 7 4  .  10 7 4 8 4 1 . 3 4
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 7 4 7 6 2 . 8 0
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 7 4 7 2 0 . 9 9
18 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 4 7 2 0 . 9 9
9 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 7 8 1 6 4 . 3 1
3 1 8 1 . 5 8 ^ 6 3 1 . 6 0 0 . 0 0 36  31 . 6 0 2 3 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 3 8 . 0 5 8 0 8 9 7 . 6 8
4 1 0 . 0 0 1 4 0 . 0 0 5 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 8 0 8 4 5 . 2 6
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 8 0 7 7 6 . 0 7
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 G . 0 Ü - 3 6 . 0 0 8 0 7 3 9 . 2 2
19 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 0 7 3 9 . 2 2
9 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 8 3 7 7 2 . 9 9
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c o n t . . .
3 1 81 .5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 .6 0 2 8 7 0 0 .0 0 2 5 0 6 8 . 4 0 1 3 8 . 0 5 8 6 1 8 1 .2 4
4 1 0 .0 0 1 40 .0 0 3 5 1 .0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 .  10 8 6 1 3 5 . 0 6
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 8 6 0 7 4 . 0 9
6 1 0 . 0 0 1 6 0 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 8 6 0 4 1 . 6 3
20 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 6 0 4 1 . 6 3
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 . 0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 8 8 7 1 4 . 5 5
3 1 8 1 .5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 3 8 . 0 5 9 0 8 3 6 . 3 7
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 9 0 7 9 5 . 6 7
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 9 0 7 4 1 . 9 6
6 1 0 .0 0 1 6 0 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 9 0 7 1 3 . 3 6
21 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 9 0 7 1 3 . 3 6
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 .0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 9 3 0 6 8 . 3 5
3 1 8 1 .5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 3 8 . 0 5 9 4 9 3 7 . 7 9
4 1 0 . 0 0 1 4 0 .0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 9 4 8 9 4 . 6 4
5 3 3 . 0 0 4 6 2 . 0 0 1200 .0 0 1 6 6 2 .0 0 0 . 0 0 - 1 66 2 .0 0 - 5 0 . 3 6 9 4 7 7 5 . 8 2
6 1 0 . 0 0 1 6 0 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 9 4 7 5 0 . 6 2
22 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 9 4 7 5 0 . 6 2
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 .0 0 5 0 9 2 0 . 0 0 1 2 2 . 6 9 9 6 8 2 5 .5 1
3 1 8 1 .5 8 3 6 3 1 . 6 0 2 5 0 . 0 0 3 8 8 1 . 6 0 2 8 7 0 0 . 0 0 2 4 8 1 8 . 4 0 1 3 6 . 6 8 9 8 4 5 6 . 1 7
4 1 0 . 0 0 1 4 0 .0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 9 8 4 2 4 . 5 8
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 9 8 3 8 2 . 8 8
6 1 0 . 0 0 1 6 0 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 5 6 0 . 0 0 - 3 6 . 0 0 9 8 5 6 0 . 6 8
23 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 9 8 3 6 0 . 6 8
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 .0 0 3 0 9 2 0 .0 0 1 2 2 . 6 9 1 0 0 1 8 8 . 7 8
3 1 8 1 .5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 .6 0 2 8 7 0 0 . 0 0 2 5 0 6 3 . 4 0 1 3 8 . 0 5 1 0 1 6 3 9 . 9 5
4 1 0 . 0 0 1 4 0 .0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 1 0 1 6 1 2 . 1 2
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 1 0 1 5 7 5 . 3 8
6 1 0 .0 0 1 60 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 1 0 1 5 5 5 . 8 2
24 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 1 5 5 5 . 8 2
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 3 5 0 0 0 .0 0 3 0 9 2 0 . 0 0 1 2 2 . 6 9 1 0 5 1 6 6 . 4 8
3 1 8 1 .5 8 3 6 3 1 . 6 0 0 . 0 0 3 6 3 1 . 6 0 2 8 7 0 0 .0 0 2 5 0 6 3 .4 0 1 3 3 . 0 5 1 0 4 44 5 . 04
4 1 0 .0 0 1 40 .0 0 3 5 1 .0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 .  10 1 0 4 4 2 0 . 5 2
5 3 5 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 ö 2 .00 - 2 0 . 0 6 1 0 4 3 8 8 . 1 6
6 1 0 .0 0 1 60 .0 0 2 0 0 . 0 0 5 6 0 . 0 0 0 . 0 0 - 3 6 0 . ÜG - 3 6 . 0 0 1 0 4 3 7 0 . 9 2
25 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 4 3 7 0 . 9 2
2 2 5 2 . 0 0 4 0 8 0 . 0 0 0 . 0 0 4 0 8 0 . 0 0 5 5 0 0 0 .0 0 3 0 9 2 0 .0 0 1 2 2 . 6 9 1 0 5 7 9 0 . 0 0
3 1 81 .5 8 6 6 6 1 .6 0 0 . 0 0 3 6 3 1 .6 0 2 8 7 0 0 . 0 0 2 5 0 6 8 . 4 0 1 5 8 .0 5 10 6 9 1 6 .4  ?
4 1 0 .0 0 1 40 .0 0 5 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 1 0 6 8 9 4 . 3 9
5 3 3 . 0 0 4 6 2 .0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 1 0 6 8 6 6 . 5 7
6 1 0 .0 0 1 60 .0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 1 0 6 8 5 1 . 1 9
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APPENDIX E
SUMMARY RESULTS OF WALNUT MHH MODEL FARM
E n t e r p r i s e -  UALNUT OPPORTUNITY COST Area  U n i t *  0 . 5  HA.






T o t a l
Labou r
C o s t s / -----------------\
7  Gross  
Rev -
R e t  u r  n s /
S N P V 
0Lab ou r M a t e r i a l T o t a l Net
/
N . R . /
a o C o s t s C o s t s C o s t s enue Revenue 7HRDAY 1 3 . 5 0 *
r  n 7HRDAY NRS. NRS. NRS. NRS. NRS. NRS. NRS.
1 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
4 9 6 . 0 0 1 4 1 0 .0 0 7 2 1 3 . 5 0 8 6 2 3 . 5 0 0 . 0 0 - 8 6 2 3 . 5 0 - 8 9 . 8 2 - 7 9 2 5 . 3 7
5 3 . 0 0 4 2 . 0 0 1 00 0 .0 0 1 04 2 .0 0 0 . 0 0 - 1 0 4 2 . 0 0 - 3 4 7 . 3 3 - 8 8 6 3 . 0 1
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 8 8 6 3 . 0 1
2 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 8 8 6 3 . 0 1
2 5 . 0 0 4 0 . 0 0 0 . 0 0 4 0 . 0 0 0 . 0 0 - 4 0 . 0 0 - 8 . 0 0 - 8 8 9 6 . 8 0
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 8 8 9 6 . 8 0
4 2 0 . 0 0 2 8 0 . 0 0 3 9 4 . 0 0 6 7 4 . 0 0 0 . 0 0 - 6 7 4 . 0 0 - 3 3 . 7 0 - 9 4 4 2 . 5 5
C 3 . 0 0 4 2 . 0 0 0 . 0 0 4 2 . 0 0 0 . 0 0 - 4 2 . 0 0 - 1 4 . 0 0 - 9 4 7 5 . 8 5
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 4 7 5 . 8 5
3 1 0 . 0 0 0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 4 7 5 . 8 5
2 11. 00 8 8 . 0 0 0 . 0 0 8 8 . 0 0 0 . 0 0 - 8 8 . 0 0 - 8 . 0 0 - 9 5 4 1 . 3 4
3 0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 5 4 1 . 3 4
4 2 0 . 0 0 2 8 0 . 0 0 i 4 4 .00 4 2 4 .0 0 0 . 0 0 - 4 2 4 . 0 0 - 2 1 . 2 0 - 9 8 4 3 . 8 5
C 9 . 0 0 126 . 00 0 . 0 0 126 .0 0 0 . 0 0 - 1 2 6 . 0 0 - 1 4 . 0 0 - 9 9 3 1 . 8 4
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 9 3 1 . 8 4
4 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 9 3 1 . 8 4
2 11 . 00 8 8 . 0 0 0 . 0 0 3 8 . 0 0 0 . 0 0 - 8 8 . 0 0 - 8 . 0 0 - 9 9 8 9 . 5 4
7 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 9 8 9 . 5 4
4 2 0 . 0 0 2 8 0 . 0 0 1 44 .0 0 4 2 4 .0 0 0 . 0 0 - 4 2 4 . 0 0 - 2 1 . 2 0 - 1 0 2 5 6 . 0 5
5 9 . 0 0 1 26 . 00 0 . 0 0 1 26 .0 0 0 . 0 0 - 1 2 6 . 0 0 - 1 4 . 0 0 - 1 0 3 3 3 . 6 0
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 3 3 3 . 6 0
5 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 3 3 3 . 6 0
2 11. 00 8 3 . 0 0 0 . 0 0 8 8 . 0 0 0 . 0 0 - 8 8 . 0 0 - 8 . 0 0 - 1 0 3 8 4 . 4 3
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 3 8 4 . 4 3
4 2 0 . 0 0 2 8 0 . 0 0 1 44 .0 0 4 2 4 .0 0 0 . 0 0 - 4 2 4 . 0 0 - 2 1 . 2 0 - 1 0 6 1 9 . 2 4
5 9 . 0 0 1 26 .0 0 0 . 0 0 1 26 .0 0 0 . 0 0 - 1 2 6 . 0 0 - 1 4 . 0 0 - 1 0 6 8 7 . 5 7
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 6 8 7 . 5 7
6 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 6 8 7 . 5 7
2 6 . 0 0 4 8 . 0 0 0 . 0 0 4 8 . 0 0 0 . 0 0 - 4 8 . 0 0 - 8 . 0 0 - 1 0 7 1 2 . 0 0
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 7 1 2 . 0 0
4 5 . 0 0 7 0 . 0 0 2 3 5 . 0 0 3 0 5 .0 0 0 . 0 0 - 3 0 5 . 0 0 - 6 1 . 0 0 - 1 0 8 6 0 . 8 1
5 8 . 0 0 1 12 .0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 - 1 1 0 0 9 . 8 7
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 - 1 1 1 3 3 . 3 6
7 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 1 1 3 3 . 3 6
2 6 . 0 0 4 8 . 0 0 0 . 0 0 4 8 . 0 0 0 . 0 0 - 4 8 . 0 0 - 8 . 0 0 - 1 1 1 5 4 . 8 8
3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 1 1 5 4 . 8 8
4 5 . 0 0 7 0 . 0 0 3 8 5 . 0 0 4 5 5 . 0 0 0 . 0 0 - 4 5 5 . 0 0 - 9 1 . 0 0 - 1 1 3 5 0 . 4 8
5 8 . 0 0 1 12 .0 0 2 0 0 . 0 0 3 1 2 .0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 - 1 1 4 8 1 . 8 1
6 4 .0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 - 1 1 5 9 0 . 6 1
8 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 1 5 9 0 . 6 1
2 2 4 . 5 6 1 96 .4 8 0 . 0 0 196 .4 8 3 0 0 0 .0 0 2 8 0 3 . 5 2 1 1 4 . 1 5 - 1 0 4 8 2 . 9 7
7 2 3 . 6 0 4 7 2 . 0 0 0 . 0 0 4 7 2 .0 0 5 0 0 0 . 0 0 4 5 2 8 . 0 0 1 9 1 . 8 6 - 8 7 3 1 . 3 6
4 5 . 0 0 7 0 . 0 0 1 35 .0 0 2 0 5 .0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 - 8 8 0 9 . 0 0
5 8 . 0 0 112 . 00 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 5 1 2 . 0 0 - 3 9 . 0 0 - 8 9 2 4 . 7 1
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 - 9 0 2 0 . 5 7
?  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 9 0 2 0 . 5 7
2 32.  12 2 5 6 . 9 6 0 . 0 0 2 5 6 . 9 6 6 0 0 0 .0 0 5 7 4 3 . 0 4 1 7 8 .8 0 - 7 0 2 1 . 4 3
116
c o n t . . .
3 3 3 . 6 8 6 7 3 . 6 0 0 . 0 0 6 7 3 . 6 0 9 0 0 0 . 0 0 8 3 2 6 . 4 0 2 4 7 . 2 2 - 4 1 8 3 . 5 6
4 5 . GO 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 - 4 2 5 1 . 9 7
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 - 4 3 5 3 . 9 1
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 - 4 4 3 3 . 3 7
10 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 4 4 3 8 . 3 7
2 3 7 . 1 6 2 9 7 . 2 8 0 . 0 0 2 9 7 . 2 8 8 0 0 0 . 0 0 7 7 0 2 . 7 2 2 0 7 . 2 8 - 2 0 7 5 . 9 9
3 4 1 . 2 4 3 2 4 . 8 0 0 . 0 0 8 2 4 . 8 0 1 2 0 0 0 . 0 0 1 1 1 7 5 . 2 0 2 7 0 . 9 8 1 2 7 9 . 7 9
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 1 2 1 9 . 5 1
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 1 1 2 9 . 7 0
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 1 0 5 5 . 2 8
11 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 5 5 . 2 3
2 4 2 . 2 0 3 3 7 . 6 0 0 . 0 0 3 3 7 . 6 0 1 0 0 0 0 . 0 0 9 6 6 2 . 4 0 2 2 8 . 9 6 3 6 6 6 . 2 1
7 4 8 . 8 0 9 7 6 . 0 0 0 . 0 0 9 7 6 . 0 0 1 5 0 0 0 . 0 0 1 4 0 2 4 . 0 0 2 8 7 . 3 7 7 3 7 6 . 5 6
4 5 . 0 0 7 0 . 0 0 2 3 5 . 0 0 3 0 5 . 0 0 0 . 0 0 - 3 0 5 . 0 0 - 6 1 . 0 0 7 2 9 7 . 5 5
5 8 . 0 0 1 1 2 . 0 0 1 2 0 0 . 0 0 1 3 1 2 . 0 0 0 . 0 0 - 1 3 1 2 . 0 0 - 1 6 4 . 0 0 6 9 6 4 . 7 8
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 6 8 9 9 . 2 2
12 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 8 9 9 . 2 2
2 4 4 . 7 2 3 5 7 . 7 6 0 . 0 0 3 5 7 . 7 6 1 1 0 0 0 . 0 0 1 0 6 4 2 . 2 4 2 3 7 . 9 7 9 4 3 2 . 8 7
3 5 8 . S 3 1 1 7 7 . 6 0 0 . 0 0 1 1 7 7 . 6 0 1 9 0 0 0 . 0 0 1 7 3 2 2 . 4 0 3 0 2 . 6 9 1 3 5 8 7 . 3 2
4 5 . 0 0 7 0 . 0 0 3 8 5 . 0 0 4 5 5 . 0 0 0 . 0 0 - 4 5 5 . 0 0 - 9 1 . 0 0 1 3 4 8 3 . 4 8
5 8 . 0 0 i 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 1 5 4 1 3 . 7 6
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 1 3 3 5 5 . 9 9
13 1 Ü . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 5 3 5 5 . 9 9
4 7 . 2 4 5 7 7 . 9 2 0 . 0 0 3 7 7 . 9 2 1 2 0 0 0 . 0 0 1 1 6 2 2 . 0 8 2 4 6 . 0 2 1 5 7 9 3 . 8 1
3 6 3 . 9 2 1 2 7 8 . 4 0 0 . 0 0 1 2 7 3 . 4 0 2 1 0 0 0 . 0 0 1 9 7 2 1 . 6 0 3 0 8 . 5 3 1 9 8 4 4 . 1 7
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 1 9 8 0 2 . 9 5
C 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 1 9 7 4 1 . 5 2
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 1 9 6 9 0 . 6 3
14 i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 9 6 9 0 . 6 3
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 3 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 2 2 0 1 9 . 5 7
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 2 5 7 6 0 . 0 0
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 2 5 7 2 3 . 6 8
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 2 5 6 6 9 . 5 6
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 2 5 6 2 4 . 7 2
15 1 0 . 0 0 o . -oo 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 5 6 2 4 . 7 2
2 4 9 . 7 6 5 9 8 . 0 3 0 . 0 0 3 9 3 . 0 3 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 2 7 6 7 6 . 6 5
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 3 0 9 7 2 . 1 8
4 5 . 0 0 7 0 . 0 0 1 5 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 3 0 9 4 0 . 1 8
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 3 0 8 9 2 . 5 0
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 3 0 8 5 2 . 9 9
16 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 0 8 5 2 . 9 9
2 4 9 . 7 6 3 9 3 . 0 8 0 . 0 0 3 9 8 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 5 . 2 5 3 2 6 6 0 . 8 6
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 3 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 3 5 5 6 4 . 4 1
4 5 . 0 0 7 0 . 0 0 2 3 5 . 0 0 3 0 5 . 0 0 0 . 0 0 - 3 0 5 . 0 0 - 6 1 . 0 0 3 5 5 2 2 . 4 7
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 5 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 3 5 4 8 0 . 4 5
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 3 5 4 4 5 . 6 5
17 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 5 4 4 5 . 6 5
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 3 7 0 3 8 . 4 8
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 3 9 5 9 6 . 6 8
4 5 . 0 0 7 0 . 0 0 3 8 5 . 0 0 4 5 5 . 0 0 0 . 0 0 - 4 5 5 . 0 0 - 9 1 . 0 0 3 9 5 4 1 . 5 5
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 3 9 5 0 4 . 5 3
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 3 9 4 7 3 . 8 6
13 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 9 4 7 3 . 8 6
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 3 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 4 0 8 7 7 . 2 4
3 6 6 . 4 4 1 3 2 3 . 8 0 0 . 0 0 13 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 4 3 1 3 1 . 1 6
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 4 3 1 0 9 . 2 ?
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 5 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 4 3 0 7 6 . 6 6
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 4 3 0 4 9 . 6 4
19 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 4 3 0 4 9 . 6 4
2 4 9 . 7 6 3 9 3 . 0 3 0 . 0 0 3 9 3 . 0 8 1 5 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 4 4 2 8 6 . 1 0
117
c o n t . . .
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 5 2 8 . 3 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 4 6 2 7 1 . 9 5
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 4 6 2 5 2 . 6 5
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 4 6 2 2 3 . 9 1
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 4 6 2 0 0 . 1 1
20 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 4 6 2 0 0 . 1 1
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 4 7 2 8 9 . 5 0
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 1 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 4 9 0 3 9 . 1 3
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 4 9 0 2 2 . 1 4
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 5 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 4 8 9 9 6 . 8 2
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 4 8 9 7 5 . 8 5
21 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 4 8 9 7 5 . 8 5
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 4 9 9 3 5 . 6 6
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 5 1 4 7 7 . 1 9
4 5 . 0 0 7 0 . 0 0 2 3 5 . 0 0 3 0 5 . 0 0 0 . 0 0 - 3 0 5 . 0 0 - 6 1 . 0 0 5 1 4 5 4 . 9 2
5 8 . 0 0 1 1 2 . 0 0 1 2 0 0 . 0 0 1 3 1 2 . 0 0 0 . 0 0 - 1 3 1 2 . 0 0 - 1 6 4 . 0 0 5 1 3 6 1 . 1 2
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 5 1 3 4 2 . 6 4
22 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 1 3 4 2 . 6 4
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 5 2 1 8 8 . 2 9
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 5 1 1 . 1 2 5 5 5 4 6 . 4 7
4 5 . 0 0 7 0 . 0 0 3 8 5 . 0 0 4 5 5 . 0 0 0 . 0 0 - 4 5 5 . 0 0 - 9 1 . 0 0 5 3 5 1 7 . 1 9
CT 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 5 3 4 9 7 . 5 4
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 5 3 4 8 1 . 2 6
~T
<L w> 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 3 4 8 1 . 2 6
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 5 4 2 2 6 . 3 3
5 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 3 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 5 5 4 2 2 . 9 6
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 5541  1 . 3 4
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 5 5 3 9 4 . 0 2
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 5 5 5 7 9 . 6 8
24 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 5 5 7 9 . 6 8
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 3 . 0 8 1 3 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 5 6 0 5 6 . 1 2
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 3 2 8 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 3 1 1 . 1 2 5 7 0 9 0 . 4 2
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 .  GO - 2 0 5 . 0 0 - 4 1 . 0 0 5 7 0 8 0 . 1 8
CT 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 5 7 0 6 4 . 9 3
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 5 7 0 5 2 . 2 9
25 i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 7 0 5 2 . 2 9
2 4 9 . 7 6 3 9 8 . 0 8 0 . 0 0 3 9 8 . 0 8 1 5 0 0 0 . 0 0 1 2 6 0 1 . 9 2 2 5 3 . 2 5 5 7 6 5 0 . 6 6
3 6 6 . 4 4 1 3 2 8 . 8 0 0 . 0 0 1 5 2 3 . 8 0 2 2 0 0 0 . 0 0 2 0 6 7 1 . 2 0 5 1 1 . 1 2 5 8 5 5 9 . 5 5
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 5 8 5 5 0 . 5 3
C 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 5 8 5 3 7 . 0 9
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 5 8 5 2 5 . 9 6
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APPENDIX F
OVERALL SUMMARY OF MUH MODEL FARM
O V E R A L L  S U M M A R YEnterprise: APPLE OPPORTUNITY COST Area Unit* 0.5 HA.
11 em NRS.
1. Terminal Value 0.00 6. Labour Use * 7HRDAY
2. SNPV (3 13-50%) 106851.19
3. Amortized values : Over all Total 8766.80
.1 (per year) 15060.14 Av. Total / year 350.67
.2 (per season) 2379.47 Av. Total / season 58.44
4 . SNPV / LUI at Maturity 152644.55 Av. Hired / year 225.60
5. SNPV / 7HRDAY 12.18 Av. Hired / season 37.60
7. Sum of Present Values : 8. Benefit/Cost Ratios *
a) Gross Revenue + T.V. 147972.99
b) Total Costs -41121.80 C a ] / : b : 3.598
c) Material Costs -14023.63 c 2 - c ] / : c: 8.619
d) Cash Costs -31210.53 c 2 - d 3 / : d: 4.424
e) Fixed Costs -1224.97 C 2 - e 1 / : e: 88.227
( By MUL3UD)
0 V E R A L L S U M M A R Y
Enterprise: UALNUT OPPORTUNITY COST Area Unit: 0.5 HA.
Item NRS .
i . Terminal Value 0.00 6.. Labour Use 7HRDAY
2. SNPV (3 13.50%) 58525.96T Amortized values : Overal1 Total ~> / Q - CO4_ . J *L-
.1 (per year; 8248.94 Av. Total / year 99.66
.2 (per season ) 1303.31 Av. Total / sea son 16.61
4 . SNPV / LUI at Maturity 73157.45 Av. Hired / year 43. 13
5. SNPV / 7HR0AY 23.49 Av . Hired / season 7.18
7 . Sum of Present Values : 8.. Benefit/Cost Ratios ;
a) Gross Revenue + T.V. 76806.19
b) T ot a 1 Cost s -18280.23 C a 1 / : b : 4.202
c) Material Costs -10726.51 [ 2 - c l / : c 1 6.456




0 V E R A L L S U M M A :kR Y
Enterprise! MAIZE OPPORTUNITY COST Area Unit! 0.5 HA.
Item NRS.
1. Terminal Value 0.00 6. Labour Use * 7HRDAY
2. SNPU (3 13.50%) 5553.52
3. Amortized values ! Overal1 Total 647.00
.1 (per year) 1598.25 Av. Total / year 129.40
.2 (per season) 252.52 Av. Total / season 21.56
4. SNPU / LUI at Maturity 5553.52 Av. Hired / year 0.00
5. SNPU / 7HRDAY 8.58 Av. Hired / season 0.00
“j Sum of Present Values ! 8 . Benefit/Cost Ratios :
a) Gross Revenue + T.U. 19925.17
b ) Total Cost s 14371.65 [ a 3 / : b : 1.386
c) Material Costs -6949.57 C 2 - c 3 / ; c ; 1.799
d) Cash Costs -6949.57 [ 2 - d 1 / : d : 1.799
e ) Fixed Costs 0.00 [ 2 - e 3 / ; e 1 0.000
(By fiULBUD)
E n t e r p ri s c ! 
11 em
O V E R A L L  S U 
MILLET OPPORTUNITY COST
MRS .
M M  A R Y :
Area On i tI 0.5 HA
1. Ter rn ln a i U a 1 u e 0.00 6 . Labour Use 7HRDAY
2. SNPU (a 13.50%) 3254.73
3. Amor tized values ! Overal1 Total 626.50
. 1 (per year) 936.68 Av . Total / year 125.307 (per season) 147.99 Av. Total ! season 20.88
4 . SNPU / LUI at Maturity 3254.73 Av. Hired / year 0.00
e SNPU / 7HR0AY 5.19 Av. H i red / season 0.00
7. Sum o f Present Values ! o . Benefit/Cost Ratios
a ) Gross Revenue + T.U. 11994.04
b > Total Costs -8739.30 C a I / lb J 1.372
c ) Material Costs -1113.30 [ 2 - C I / ; c ! 3.923
d ) Cash Costs -1113.30 C 2 - d ] / : d : 3.923
£ / Fixed Costs 0.00 [ 2 - e 3 f : e : 0.000
/ r>. . Mill DIID i
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cont...
kO V E R A L L  S U M M A R Y
Enterprise: POTATO OPPORTUNITY COST Area Unit: 0.5 HA.
Item N R S.
1. Term mal Value 0.00 6. Labour Use : 7HRDAY
2. SNPV (0 13.50%) 10022.06
3. Amortized values : Overa 1 1 Total 1248.00
. 1 (per year) 2884.26 Av. Total / year 249.60
.2 (per season) 455.70 Av. Total / season 41.60
4 . SNPV / LUI at Maturity 10022.06 Av. Hired / year 20.60
5. SNPV / 7HRDAY 8.03 Av. Hired / season 3.43
7. S u m of Present Values : 8. Benefit/Cost Ratios :
a ) Gross Revenue + T.V. 39037.43
b ) Total Costs -29015.37 C a ] / : b : 1.345
•: * Mater i a 1 Costs -14277.09 C 2 - c 1 / c ! 1.702
d) Cash Costs -15739.22 [ 2 - d 3 / : d: 1.637
e / Fixed Costs 0.00 [ 2 - e ] / : e; 0.000
(By MULBU0 )
O V E R A L L  S U M M A R Y *
Enterprise: WHEAT OPPORTUNITY COST Area Unit: 0.5 HA.
I tern NRS .
1 . !e r m ;n a V a l u e 0 . 0 0 6. L a b o u r  U s e  : 7 H R D A Y
2. S N P V (0 13.50%) - 1 1 2 6 . 2 4
3. A rn o r t i z e d v a l u e s  : O v e r  a 1 I lotal 5 7 6 . 2 5
. 1 (per y e a r ) - 3 2 4 . 1 2 A v . Total / year 1 1 5 . 2 5
. 2 (per s e a s o n ) - 51.21 A v . Total / s e a s o n 1 9 . 2 0
4 . S N P V / LUI at M a t u r i t y - 1 1 2 6 . 2 4 A v . H i r e d / ye a r 0 . 0 0
C S N P V / 7H R D A Y - 1 . 9 5 A v . H i r e d / s e a s o n 0 . 0 0
7 . S u m o f P r e s e n t  V a l u e s  : 8. B e n e f i t / C o s t  R a t i o s :
a ) G r o s s  R e v e n u e  + T.V. 1 1 4 4 5 . 0 6
t> > Total C o s t s - 1 2 5 7 1 . 3 0 f a ] /  :b : 0 . 9 1 0
c > Mater ia 1 C o s t s - 5 5 3 3 . 2 8 I 2 - c 1 / ; c : 0 . 7 9 6
d ) Cash C o s t s - 5 5 3 3 . 2 8 C 2 - d 3 / id: 0 . 7 9 6
e ) F i x e  c C o s t s 0 . 0 0 [ 2 - e I / : e : 0.000
(By M U L B U 0 )
These results are actually for five years of identical costs and returns.
Annual returns are reported in the text.
APPEND I X C
SUMMARY RESULTS OF APPLE MODEL I I
B u d g e t :  APPLE: CEREAL: P0TAT0  A r e a  U n i t :  0 . 5  HA.
S U M M A R Y  R E S U L T S
S
e \
T o t a l  s 
L a b o u r
C o s t s / ------------ X
- /  G r o s s  
Rev -
R e t  u r n s /  -
S N I' V 
0
8
3 L a b o u r M a t e r i a l T o t a l Net N . R . /
o C o s t s C o s t  s C o s t  3 enu e R e v e n u e 7HRDAY 1 3 . 5 0 %
n 7HR0AY MRS. NRS. NRS. NRS. NRS. NRS. NRS.
1 4 1 . 3 0 8 2 6 . 0 0 3 3 0 . 6 6 1 1 5 6 . 6 6 0 . 0 0 - 1 1 5 6 . 6 6 - 2 8 . 0 0 - 1 1 3 2 . 5 0
2 2 7 . 0 5 2 1 6 . 4 0 1 4 0 . 0 0 3 5 6 . 4 0 0 . 0 0 - 3 5 6 . 4 0 - 1 3 . 1 7 - 1 4 7 4 . 1 7
3 6 8 . 4 5 1 3 6 9 . 0 0 7 9 7 4 . 5 6 9 3 4 3 . 5 6 2 2 6 8 . 0 0 - 7 0 7 5 . 5 6 - 1 0 3 . 3 6 - 8 1 1 5 . 6 2
4 1 8 5 . 3 7 3 0 4 7 . 4 0 3 4 1 2 . 1 0 6 4 5 9 . 5 0 0 . 0 0 - 6 4 5 9 . 5 0 - 3 4 . 8 4 - 1 4 0 5 2 . 1 8
5 1 6 6 . 7 7 2 4 9 5 . 4 0 2 3 9 2 . 8 8 4 8 8 8 . 2 8 7 7 0 0 . 0 0 2 8 1 1 . 7 2 1 6 . 8 6 - 1 1 5 2 2 . 0 5
6 3 2 . 2 8 5 1 6 . 4 8 1 4 0 . 0 0 6 5 6 . 4 8 3 6 1 2 . 0 0 2 9 5 5 . 5 2 9 1 . 5 5 - 8 9 1 8 . 0 7
1 4 1 . 3 0 8 2 6 . 0 0 3 b 0 . 6 6 1 1 5 6 . 6 6 0 . 0 0 - 1 1 5 6 . 6 6 - 2 8 . 0 0 - 9 9 1 5 . 8 7
2 3 8 . 1 0 3 0 4 . 8 0 1 4 0 . 0 0 4 4 4 . 8 0 0 . 0 0 - 4 4 4 . 8 0 - 1 1 . 6 7 - 1 0 2 9 1 . 5 7
3 6 8 . 0 6 1 3 6 1 . 2 0 2 1 4 9 . 5 6 3 5 1 0 . 7 6 2 2 6 8 . 0 0 - 1 2 4 2 . 7 6 - 1 8 . 2 6 - 1 1 3 1 9 . 3 3
4 5 5 . 8 7 7 8 2 . 1 8 7 6 9 . 0 0 1 5 5 1 . 1 8 0 . 0 0 - 1 5 5 1 . 1 8 - 2 7 . 7 6 - 1 2 5 7 5 . 3 7
5 1 7 6 . 3 8 2 6 8 7 . 6 0 1 3 9 2 . 8 8 4 0 8 0 . 4 8 7 7 0 0 . 0 0 3 6 1 9 . 5 2 2 0 . 5 2 - 9 7 0 5 . 7 4
6 3 2 . 0 9 5 1 3 . 4 4 1 4 0 . 0 0 6 5 3 . 4 4 3 6 1 2 . 0 0 2 9 5 8 . 5 6 9 2 . 1 9 - 7 4 0 9 . 1 3
i 3 5 . 4 0 7 0 8 . 0 0 2 4 3 . 9 2 9 5 1 . 9 2 0 . 0 0 - 9 5 1 . 9 2 - 2 6 . 8 9 - 8 1 3 2 . 6 3
2 4 9 . 5 1 4 6 2 . 2 0 1 2 0 . 0 0 5 8 2 . 2 0 0 . 0 0 - 5 8 2 . 2 0 - 1 1 . 7 5 - 8 5 6 5 . 8 9
7 5 7 . 9 4 1 1 5 8 . 8 0 1 8 4 2 . 4 8 3 0 0 1 . 2 8 1 9 4 4 . 0 0 - 1 0 5 7 . 2 8 - 1 8 . 2 4 - 9 3 3 6 . 2 7
4 5 5 . 3 2 7 4 6 . 4 8 4 9 9 . 0 0 1 2 4 5 . 4 8 0 . 0 0 - 1 2 4 5 . 4 8 - 2 3 . 3 5 - 1 0 2 2 4 . 8 1
5 1 2 6 . 5 4 1 7 7 1 . 5 6 0 . 0 0 1 7 7 1 . 5 6 6 6 0 0 . 0 0 4 8 2 8 . 4 4 3 8 . 1 5 - 6 8 5 2 . 0 6
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .  GO 0 . 0 0 0 . 0 0 - 6 8 5 2 . 0 6
i 3 2 . 4 5 6 4 9 . 0 0 2 1 7 . 1 8 8 6 6 . 1 8 0 . 0 0 - 8 6 6 . 1 8 - 2 6 . 6 9 - 7 4 3 2 . 0 9
2 4 7 . 1 7 4 1 5 . 4 0 1 1 0 . 0 0 5 2 5 . 4 0 0 . 0 0 - 5 2 5 . 4 0 - 1 1 . 1 3 - 7 7 7 6 . 5 8
3 5 2 . 9 4 1 0 5 8 . 8 0 1 6 7 9 . 3 2 2 7 3 8 . 1 2 1 7 8 2 . 0 0 - 9 5 6 . 1 2 - 1 8 . 0 6 - 8 3 9 0 . 3 8
4 5 2 . 1 9 7 5 0 . 6 6 4 8 9 . 0 0 1 2 1 9 . 6 6 0 . 0 0 - 1 2 1 9 . 6 6 - 2 3 . 3 7 - 9 1 5 7 . 0 1
5 1 1 8 . 9 9 1 6 6 5 . 8 6 0 . 0 0 1 6 6 5 . 8 6 6 0 5 0 . 0 0 4 3 8 4 . 1 4 3 6 . 8 4 - 6 4 5 8 . 8 5
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 6 4 5 8 . 8 5
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 6 4 5 8 . 8 5
2 2 7 . 1 4 2 1 7 . 1 2 0 . 0 0 2 1 7 . 1 2 0 . 0 0 - 2 1 7 . 1 2 - 8 . 0 0 - 6 5 8 4 . 2 8
3 3 2 . 5 2 6 5 0 . 4 0 1 4 0 5 . 9 9 2 0 5 6 . 3 9 0 . 0 0 - 2 0 5 6 . 3 9 - 6 3 . 2 3 - 7 7 4 7 . 4 0
4 5 0 . 9 4 7 1 3 . 1 6 4 6 9 . 0 0 1 1 8 2 . 1 6 0 . 0 0 - 1 1 8 2 . 1 6 - 2 3 . 2 0 - 8 4 0 2 . 0 3
5 1 0 4 . 4 5 1 4 6 2 . 3 0 0 . 0 0 1 4 6 2 . 3 0 4 9 5 0 . 0 0 3 4 8 7 . 7 0 3 3 . 3 9 - 6 5 1 0 . 9 3
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 6 5 1 0 . 9 3
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 6 5 1 0 . 9 3
2 3 9 . 9 0 3 1 9 . 2 0 0 . 0 0 5 1 9 . 2 0 5 5 1 . 2 5 2 3 2 . 0 5 5 . 8 1 - 6 3 9 2 . 8 2
3 7 . 9 2 1 5 8 . 4 0 0 . 0 0 1 5 8 . 4 0 4 7 2 . 5 0 3 1 4 . 1 0 3 9 . 6 5 - 6 2 3 6 . 3 0
4 1 0 . 0 0 1 4 0 . 0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 - 6 5 2 4 . 6 6
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 6 8 4 0 . 9 2
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 7 0 0 9 . 3 2
i 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 7 0 0 9 . 3 2
2 4 4 . 8 2 3 6 8 . 4 0 0 . 0 0 3 6 8 . 4 0 9 4 5 . 0 0 5 7 6 . 6 0 1 2 . 8 6 - 6 7 5 0 . 7 6
3 1 0 . 8 7 2 1 7 . 4 0 0 . 0 0 2 1 7 . 4 0 7 0 8 . 7 5 4 9 1 . 3 5 4 5 . 2 0 - 6 5 3 5 . 0 2
4 1 0 . 0 0 1 4 0 . 0 0 6 0 1 . 0 0 7 4 1 . 0 0 0 . 0 0 - 7 4 1 . 0 0 - 7 4 . 1 0 - 6 8 5 3 . 5 7
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 - 0 0 - 2 0 . 0 6 - 7 1 3 2 . 2 2
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 7 2 8 0 . 5 8
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 7 2 3 0 . 5 3
2 5 7 . 6 4 6 2 4 . 8 0 0 . 0 0 6 2 4 . 8 0 1 9 6 8 . 7 5 1 3 4 3 . 9 5 2 3 . 3 1 - 6 7 4 9 . 6 0
3 1 5 . 7 9 3 1 5 . 8 0 0 . 0 0 3 1 5 . 8 0 1 1 0 2 . 5 0 7 8 6 . 7 0 4 9 . 8 2 - 6 4 4 5 . 2 7
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 - 6 6  3 1 . 2  5
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 o 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 6 8 7 6 . 7 5
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 7 0 0 7 . 4 7
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 7 0 0 7 . 4 7
2 7 7 . 3 5 1 0 1 9 . 0 0 0 . 0 0 1 0 1 9 . 0 0 3 5 4 5 . 7 5 2 5 2 4 . 7 5 3 2 . 6 4 - 6 1 2 8 . 6 1
122
con t . .  .
3 3 4 . 5 2 6 9 0 . 4 0 0 . 0 0 6 9 0 . 4 0 2 5 9 8 . 75 1 ? 0 8 . 35 5 - .1 c> - 5 4  7 6 . 1 9
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 - 5 6 4 2 . 0 4
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 G - 8 6 2 . 0 0 - 2 0 . 0 6 - 5 8 5 8 . 3 4
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 5 9 7 3 . 5 1
10  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 5 9 7 3 . 5 1
2 1 0 5 . 9 2 1 5 9 0 . 4 0 0 . 0 0 1 5 9 0 . 4 0 5 6 2 7 . 5 0 4 2 3 7 . 1 0 4 0 . 0 0 - 4 6  7 4 . 0 2
3 4 4 . 3 8 8 3 7 . 6 0 0 . 0 0 8 8 7 . 6 0 3 3 8 6 . 2 5 2 4 9 8 . 6 5 5 6 . 3 0 - 3 9 2 3 . 7 0
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 - 4 0 6 8 . 0 7
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 4 2 5 8 . 6 4
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 4 3 6 0 . 1  1
11 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 4 3 6 0 . 1 1
2 1 1 6 . 7 7 1 8 0 7 . 4 0 0 . 0 0 1 8 0 7 . 4 0 6 6 9 3 . 7 5 4 6 8 6 . 3 5 4 1 . 8 4 - 5 0 3 9 . 7 5
3 5 9 . 1 6 1 1 8 3 . 2 0 0 . 0 0 1 1 8 3 . 2 0 4 5 6 7 . 5 0 3 3 8 4 . 3 0 5 7 . 2 0 - 2 1 4 4 . 3 6
4 1 0 . 0 0 1 4 0 . 0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 - 2 2 9 7 . 4 5
5 3 3 . 0 0 4 6 2 . 0 0 1 2 0 0 . 0 0 1 6 6 2 . 0 0 0 . 0 0 - 1 6 6 2 . 0 0 - 5 0 . 3 6 - 2 7 1 9 . 0 0
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 2 8 0 8 . 4 0
12  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 2 8 0 8 . 4 0
2 1 2 1 . 6 9 1 9 0 5 . 8 0 0 . 0 0 1 9 0 5 . 8 0 7 0 8 7 . 5 0 5 1 3 1 . 7 0 4 2 . 5 8 - 1 5 7 4 . 7 7
3 6 7 . 0 5 1 3 4 1 . 0 0 0 . 0 0 1 5 4 1 . 0 0 5 1 9 7 . 5 0 3 8 5 6 . 5 0 5 7 . 5 1 - 6 7 5 . 8 0
4 1 0 . 0 0 1 4 0 . 0 0 6 0 1 . 0 0 7 4 1 . 0 0 0 . 0 0 - 7 4 1 . 0 0 - 7 4 . 1 0 - 8 4 4 . 9 3
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 - 9 9 2 . 8 6
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 - 1 0 7 1 . 6 3
13  1 0 . 0 0 o . o o 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 0 7 1 . 6 3
2 1 2 6 . 6 2 2 0 0 4 . 4 0 0 . 0 0 2 0 0 4 . 4 0 7 4 8 1 . 2 5 5 4 7 6 . 3 5 4 3 . 2 5 7 7 . 1 7
3 7 4 . 9 2 1 4 9 8 . 4 0 0 . 0 0 1 4 9 8 . 4 0 5 8 2 7 . 5 0 4 3 2 9 . 1 0 5 7 . 7 8 9 6 6 . 2 7
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 8 6 7 . 5 3
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 7 3 7 . 1 ?
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 6 6 7 . 7 9
14  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 6 6 7 . 7 9
2 1 5 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 G 5 7 7 2 . 0 0 4 3 . 8 7 1 7 5 4 . 5 1
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 2 6 0 3 . 5 0
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 2 5 1 6 . 3 1
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 2 4 0 1 . 4 7
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 2 3 4 0 . 3 5
15  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 3 4 0 . 3 3
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 3 7 3 2 8 0 . 1 6
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 3 0 1 . 3 0 5 7 . 9 8 4 0 4 5 . 6 2
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 5 9 6 8 . 9 7
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 - 0 6 3 8 6 7 . 8 0
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 3 8 1 3 . 9 2
16  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 3 8 1 3 . 9 2
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 4 6 4 1 . 9 7
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 5 3 1 6 . 3 8
4 1 0 . 0 0 1 4 0 . 0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 5 2 3 5 . 1 0
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 5 1 4 5 . 9 6
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 5 0 9 8 . 4 9
17  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 5 0 9 8 . 4 9
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 5 8 2 8 . 0 5
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 6 4 2 2 . 2 4
4 1 0 . 0 0 1 4 0 . 0 0 6 0 1 . 0 0 7 4 1 . 0 0 0 . 0 0 - 7 4 1 . 0 0 - 7 4 . 1 0 6 3 3 2 . 4 6
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 6 2 5 3 . 9 2
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 6 2 1 2 . 1 0
18  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 2 1 2 . 1 0
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 5 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 6 3 5 4 . 8 8
3 8 2 . SI 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 7 3 7 8 . 4 0
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 G . 0 0 - 4 9 1 . 0 0 - 4 9  .  10 7 3 2 5 . 9 8
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 0 0 4. . 00 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 7 2 5 6 . 7 8
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 3 6 0 . 0 0 - 3 6 . 0 0 7 2 1 9 . 9 5
19  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 2 1 9 . 9 3
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 5 . 8 7 7 7 8 6 . 2 6
1 2  3
c o n t . . .
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 8 2 4 7 . 5 1
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 8 2 0 1 . 3 3
er 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 — 6 6 2 . 0 0 - 2 0 . 0 6 8 1 4 0 . 3 6
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 8 1 0 7 . 9 0
20 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 1 0 7 . 9 0
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 8 6 0 6 . 8 7
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 9 0 1 3 . 2 5
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 8 9 7 2 . 5 6
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 8 9 1 8 . 8 5
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 8 8 9 0 . 2 5
21 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 8 9 0 . 2 5
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 9 3 2 9 . 8 6
3 8 2 . 8 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 9 6 8 7 . 9 1
4 1 0 . 0 0 1 4 0 . 0 0 4 5 1 . 0 0 5 9 1 . 0 0 0 . 0 0 - 5 9 1 . 0 0 - 5 9 . 1 0 9 6 4 4 . 7 6
C 3 3 . 0 0 4 6 2 . 0 0 1 2 0 0 . 0 0 1 6 6 2 . 0 0 0 . 0 0 - 1 6 6 2 . 0 0 - 5 0 . 3 6 9 5 2 5 . 9 4
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 9 5 0 0 . 7 4
22 1 0 . 0 0 0 . 0 0 0 .  GO 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 9 5 0 0 . 7 4
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 9 8 8 8 . 0 7
3 8 2 . 8 1 1 6 5 6 . 2 0 2 5 0 . 0 0 1 9 0 6 . 2 0 6 4 5 7 . 5 0 4 5 5 1 . 3 0 5 4 . 9 6 1 0 1 8 7 . 1 1
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 1 0 1 5 5 . 5 2
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 1 0 1 1 3 . 8 3
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 5 6 0 . 0 0 - 3 6 . 0 0 1 0 0 9 1 . 6 2
23 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 0 0 1 0 0 9 1 . 6 2
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 1 0 4 3 2 . 8 8
~2 ''■* -> /-« - 
O  £  - O  1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 1 0 7 1 0 . 8 3
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 1 0 6 8 2 . 0 0
C 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 1 0 6 4 6 . 2 6
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 1 0 6 2 6 . 7 0
24 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 0 6 2 6 . 7 0
2 1 3 1 . 5 5 2 1 0 3 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 1 0 9 2 7 . 3 7
7 3 2 . 3 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 1 1 1 7 2 . 2 5
4 1 0 . 0 0 1 4 0 . 0 0 3 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 1 1 1 4 7 . 7 3
c 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 1 1 1 1 5 . 3 6
6 • "• or* 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 1 1 0 9 8 . 1 2
25 1 r» ' 0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 1 0 9 8 . 1 2
c. 1 3 1 . 5 5 2 1 0 5 . 0 0 0 . 0 0 2 1 0 3 . 0 0 7 8 7 5 . 0 0 5 7 7 2 . 0 0 4 3 . 8 7 1 1 j 6 b  .  03
7 8 2 . 3 1 1 6 5 6 . 2 0 0 . 0 0 1 6 5 6 . 2 0 6 4 5 7 . 5 0 4 8 0 1 . 3 0 5 7 . 9 8 1 1 5 7 8 . 7 9
4 1 0 . 0 0 1 4 0 . 0 0 5 5 1 . 0 0 4 9 1 . 0 0 0 . 0 0 - 4 9 1 . 0 0 - 4 9 . 1 0 1 1 5 5 7 . 1 8
5 3 3 . 0 0 4 6 2 . 0 0 2 0 0 . 0 0 6 6 2 . 0 0 0 . 0 0 - 6 6 2 . 0 0 - 2 0 . 0 6 1 1 5 2 8 . 6 6
6 1 0 . 0 0 1 6 0 . 0 0 2 0 0 . 0 0 3 6 0 . 0 0 0 . 0 0 - 3 6 0 . 0 0 - 3 6 . 0 0 1 1 5 1 3 . 4 8
1 2 4
APPENDIX H
SUMMARY RESULTS OF WALNUT MODEL II
B u d g e t -  UALNUT' CEREAL-POTATO A r e a  U n i t -  0 . 5  HA.
S U M M A R Y  R E S U L T  S
*  s
*  e \ C o s t s / --------------- \ R e  t  u D 10 V 1
Y a 1 O t  d i >■ / o r  o s  d 3 IN r  v
e  s L a b o u r L a b o u r M a t e r  i a  1 T o t a l R e v - N e t N .  R .  / 3
a  o C o s t  s C o s t s C o s t s e n u e R e v e n u e 7 HRÜAY 1 3 . 50*4
r  n 7 HRDAY N R S . N R S . N R S . N R S . N R S . N R S . N R S .
1 1 4 1 . 3 0 8 2 6 . 0 0 3 3 0 . 6 6 1 1 5 6 . 6 6 0 . 0 0 - 1 1 5 6 . 6 6 - 2 8 . 0 0 - 1 1 3 2 . 5 0
2 2 7 . 1 1 2 1 6 . 8 8 1 4 0 . 0 0 3 5 6 . 3 8 0 . 0 0 - 5 5 6 . 8 8 - 1 3 . 1 6 - 1 4 7 4 . 6 3
3 6 8 . 5 1 1 3 7 0 . 2 0 2 1 4 9 . 5 6 3 5 1 9 . 7 6 2 2 6 3 . 0 0 - 1 2 5 1 . 7 6 - 1 8 . 2 7 - 2 6 4 9 . 5 9
4 1 0 6 . 9 0 1 4 9 6 . 6 0 7 3 5 3 . 5 0 8 8 5 0 . 1 0 0 . 0 0 - 8 8 5 0 . 1 0 - 8 2 . 7 8 - 1 0 7 8 3 . 2 2
5 1 5 9 . 8 6 2 3 5 7 . 2 0 2 3 9 2 . 8 8 4 7 5 0 . 0 8 7 7 0 0 . 0 0 2 9 4 9 . 9 2 1 8 . 4 5 - 8 1 2 8 . 7 3
6 3 2 . 3 2 5 1 7 . 1 2 1 4 0 . 0 0 6 5 7 . 1 2 3 6 1 2 . 0 0 2 9 5 4 . 3 8 9 1 . 4 2 - 5 5 2 5 . 3 1
2  1 4 1 . 3 0 8 2 6 . 0 0 3 3 0 ; 66 1 1 5 6 . 6 6 0 . 0 0 - 1 1 5 6 . 6 6 - 2 3 . 0 0 - 6 5 2 3 . 1 1
2 3 1 . 1 3 2 4 9 . 0 4 1 4 0 . 0 0 3 8 9 . 0 4 0 . 0 0 - 3 8 9 . 0 4 - 1 2 . 4 9 - 6 8 5 1 . 7 1
3 6 8 . 1 7 1 3 6 3 . 4 0 2 1 4 9 . 5 6 3 5 1 2 . 9 6 2 2 6 3 . 0 0 - 1 2 4 4 . 9 6 - 1 8 . 2 6 - 7 8 8 1 . 3 0
4 3 2 . 3 6 4 5 3 . 0 4 5 3 4 . 0 0 9 8 7 . 0 4 0 . 0 0 - 9 3 7 . 0 4 - 5 0 . 5 0 - 8 6 8 0 . 5 3
5 1 5 9 . 4 3 2 3 4 8 . 6 0 1 3 9 2 . 8 8 5 7 4 1 . 4 8 7 ? 0 G . 0 0 3 9 5 3 . 5 2 2 4 . 8 2 - 5 5 4 2 . 1 4
6 3 2 . 1 5 5 1 4 . 4 0 1 4 0 . 0 0 6 5 4 . 4 0 5 6 1 2 . 0 0 2 9 5 7 . 6 0 9 1 . 9 9 - 3 2 4 6 . 2 7
3 1 3 5 . 4 0 7 0 8 . 0 0 2 4 3 . 9 2 9 5 1 . 9 2 0 . 0 0 - 9 5 1 . 9 2 - 2 6 . 8 9 - 3 9 6 9 . 7 8
2 3 2 . 7 8 2 6 2 . 2 4 1 2 0 . 0 0 3 8 2 . 2 4 0 . 0 0 - 3 8 2 . 2 4 - 1 1 . 6 6 - 4 2 5 4 . 2 5
3 5 8 . 0 9 1 1 6 1 . 8 0 1 8 4 2 . 4 3 3 0 0 4 . 2 8 1 9 4 4 . GO - 1 0 6 0 . 2 8 -  13  -  25 - 5 0 2 6 . 7 9
4 3 0 . 1 7 4 2 2 . 3 8 2 6 4 . 0 0 6 8 6 . 3 8 • 0 . 0 0 - 6 8 6 . 6 8 - 2 2 . 7 5 - 5 5 1 6 . 4 6
5 9 9 . 7 6 1 3 9 6 . 6 4 0 . 0 0 1 3 9 6 . 6 4 Ö O Ü Ü . 0 0 5 2 0 3 . 3 6 5 2 . 1 5 -  1 8 8 1 . 82
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 0 0 0 . 0 0 - 1 8 8 1 . 3 2
4 1 3 2 . 4 5 6 4 9 . 0 0 2 1 7 . 1 8 8 6 6 . 1 8 0 . 0 0 - 8 6 6 . 1 3 - 2 6 . 6 9 - 2 4 6 1 . 3 5
2 3 0 . 6 1 2 4 4 . 8 8 1 1 0 . 0 0 5 5 4 . 3 8 0 . 0 0 - 3 5 4 . 8 8 - 1 1 . 5 9 - 2 6 9 4 . 5 3
3 5 3 . 1 2 1 0 6 2 . 4 0 1 6 7 9 . 3 2 2 7 4 1 . 7 2 1 7 8 2 . 0 0 - 9 5 9 . 7 2 - 1 8 . 0 6 - 3 5 1 0 . 6 4
4 2 9 . 1 3 4 0 3 . 5 2 2 5 4 . 0 0 6 6 2 . 5 2 0 . 0 0 - 6 6 2 . 5 2 - 2 2 . 7 0 - 3 7 2 7 . 0 8
5 9 2 . 2 3 1 2 9 1 . 9 2 0 . 0 0 1 2 9 1 . 9 2 6 0 5 0 . 0 0 4 7 5 3 . 0 8 5 1 . 5 6 - 7 9 3 . 7 9
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 G . 0 0 - 7 9 8 . 7 9
5 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 7 9 8 . 7 9
2 1 0 . 3 5 8 2 . 8 0 0 . 0 0 8 2 . 8 0 0 . 0 0 - 8 2 . 8 0 - 8 . 0 0 - 8 4 6 . 6 2
3 3 2 . 7 0 6 5 4 . 0 0 1 4 0 5 . 9 9 2 0 5 9 . 9 9 0 . 0 0 - 2 0 5 9 . 9 9 - 6 2 . 9 9 - 2 0 1 1 . 7 8
4 2 7 . 6 6 3 8 7 . 2 4 2 3 4 . 0 0 6 2 1 . 2 4 0 . 0 0 - 6 2 1 . 2 4 - 2 2 . 4 6 - 2 3 5 5 . 8 2
5 7 7 . 3 2 1 0 8 2 . 4 3 0 . 0 0 1 0 8 2 . 4 8 4 9 5 0 . 0 0 3 8 6 7 . 5 2 5 0 . 0 2 - 2 5 8 . 7 2
6 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 2 5 8 . 7 2
6 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 2 5 8 . 7 2
2 5 . 7 3 4 5 . 8 4 0 . 0 0 4 5 . 8 4 0 . 0 0 - 4 5 . 8 4 - 8 . 0 0 - 2 8 2 . 0 5
3 2 5 . 4 1 5 0 3 . 2 0 1 0 9 1 . 4 1 1 5 9 9 . 6 1 0 . 0 0 - 1 5 9 9 . 6 1 - 6 2 . 9 5 - 1 0 7 9 . 1 9
4 1 0 . 6 5 1 4 9 . 1 0 3 0 5 . 0 0 4 5 4 . 1 0 0 . 0 0 - 4 5 4 . 10 - 4 2 . 6 3 - 1 3 0 0 . 7 6
5 6 1 . 1 0 8 5 5 . 4 0 2 0 0 . 0 0 1 0 5 5 . 4 0 3 3 5 0 . 0 0 2 7 9 4 . 6 0 4 5 . 7 3 3 4 . 3 2
6 3 . 7 1 5 9 . 3 6 2 0 0 . 0 0 2 5 9 . 3 6 0 . 0 0 - 2 5 9 . 3 6 - 6 9 . 9 0 - 8 6 . 9 9
7 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 8 6 . 9 9
2 5 . 7 1 4 5 . 6 8 0 . 0 0 4 5 . 6 8 0 . 0 0 - 4 5 . 6 3 - 8 . 0 0 - 1 0 7 . 4 7
3 1 8 . 1 3 3 6 2 . 6 0 7 7 6 . 8 3 1 1 3 9 . 4 3 0 . 0 0 - 1 1 3 9 . 4 3 - 6 2 . 8 4 - 6 0 7 . 7 6
4 8 . 8 2 1 2 3 . 4 8 4 3 5 . 0 0 5 5 8 . 4 8 0 . 0 0 - 5 5 8 . 4 8 - 6 3 . 3 2 - 8 4 7 . 8 4
5 4 6 . 1 5 6 4 6 . 1 0 2 0 0 . 0 0 8 4 6 .  1 G 2 7 5 0 . 0 0 1 9 0 3 . 9 0 4 1 . 2 5 - 4 6 . 4 6
6 3 . 7 3 5 9 . 6 8 2 0 0 . 0 0 2 5 9 . 6 8 0 . 0 0 - 2 5 9 . 6 8 - 6 9 . 6 1 - 1 5 3 . 4 8
3 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 - 1 5 3 . 4 8
2 2 0 . 4 0 1 6 3 . 2 0 0 . 0 0 1 6 3 . 2 0 6 7 5 . 0 0 5 1 1 . 8 0 2 5 . 0 8 4 8 .  72
3 1 6 . 6 6 3 3 3 . 2 0 0 . 0 0 3 3 3 . 2 0 1 1 2 5 . 0 0 7 9 1 . 8 0 4 7 . 5 2 3 5 5 . 0 2
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 2 7 7 . 3 7
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 5 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 1 6 1 . 6 6
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 6 5 . 8 0
9 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 5 . 8 0
2 2 3 . 8 0 1 9 0 . 4 0 0 . 0 0 1 9 0 . 4 0 1 3 5 0 . 0 0 1 1 5 9 . 6 0 4 8 . 7 2 4 6 9 . 46
125
C O O L .  . -
y 2 1 . 2 0 4 2 4 . 0 0 0 . 3 0 4 . 4 . J O 2 0 2 5 . Ü C 16 Ü 1 . 0 0 7 5 . 5 1 : o  1 5 . : :
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . C Ü - 2 0 5 . 0 0 - 4 1 . 0 0 9 4 6 . 7 1
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 8 4 4 . 7 7
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 7 6 0 . 5 1
10  1 0 . 0 0 0 . 0 0 0 . 0 0 '  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 6 0 . 3 1
2 2 6 . 0 7 2 0 8 . 5 6 0 . 0 0 2 0 8 . 5 6 1 8 0 0 . 0 Ü 1 5 9 1 . 4 4 5 1 . 0 4 1 2 4 8 . 4 0
3 2 4 . 6 1 4 9 2 . 2 0 0 . 0 0 4 9 2 . 2 0 2 7 0 0 . 0 0 2 2 0 7 . 3 0 8 9 . 7 1 1 9 1 1 . 3 8
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 1 8 5 1 . 1 0
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 5 1 2 . 0 0 - 3 9 . 0 0 1 7 6 1 . 2 8
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 1 6 8 6 . 8 7
11 1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 1 6 8 6 . 8 7
2 2 8 . 3 4 2 2 6 . 7 2 0 . 0 0 2 2 6 . 7 2 2 2 5 0 . 0 0 2 0 2 3 . 2 8 7 1 . 3 9 2 2 5 3 . 5 9
3 2 3 . 0 0 5 6 0 . 0 0 0 . 0 0 5 6 0 . 0 0 3 3 7 5 . 0 0 2 8 1 5 . 0 0 1 0 0 . 5 3 2 9 7 8 . 3 6
4 5 . 0 0 7 0 . 0 0 2 3 5 . 0 0 3 0 5 . 0 0 0 . 0 0 - 3 0 5 . 0 0 - 6 1 . 0 0 2 8 9 9 . 3 5
5 8 . 0 0 1 1 2 . 0 0 1 2 0 0 . 0 0 1 3 1 2 . 0 0 0 . 0 0 - 1 3 1 2 . 0 0 - 1 6 4 . 0 0 2 5 6 6 . 5 8
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 2 5 0 1 . 0 2
12  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 2 5 0 1 . 0 2
2 2 9 . 4 7 2 3 5 . 7 6 0 . 0 0 2 3 5 . 7 6 2 4 7 5 . 0 0 2 2 3 9 . 2 4 7 5 . 9 8 3 0 3 4 . 1 3
3 3 2 . 5 4 6 5 0 . 8 0 0 . 0 0 6 5 0 . 8 0 4 2 7 5 . 0 0 3 6 2 4 . 2 0 1 1 1 . 3 7 3 8 7 8 . 9 4
4 5 . 0 0 7 0 . 0 0 3 8 5 . 0 0 4 5 5 . 0 0 0 . 0 0 - 4 5 5 . 0 0 - 9 1 . 0 0 3 7 7 5 . 0 9
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 5 1 2 . 0 0 - 3 9 . 0 0 3 7 0 5 . 3 ?
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 C 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 3 6 4 7 . 6 1
13  1 0 . 0 0 0 . 0 0 0 . 0 0 Ü .  00 0 . 0 0 ü . OG D . 0 0 3 6 4 7 . 6 1
2 3 0 . 6 1 2 4 4 . 3 8 0 . 0 0 2 4 4 . 8 8 2 7 0 0 . 0 0 2 4 5 5 . 1 2 8 0 . 2 0 4 1 6 2 . 5 9
3 3 4 . 8 1 6 9 6 . 2 0 0 . 0 0 6 9 6 . 2 0 4 7 2 5 . 0 0 4 0 2 3 . 8 0 1 1 5 . 7 3 4 9 9 0 . 0 1
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 4 9 4 8 . 7 9
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 5 9 . 0 0 4 8 8 7 . 3 6
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 00 - 6 6 . 0 0 4 8 3 6 . 4 6
14  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 4 8 .:> 6  -  4 6
2 3 1 . 7 4 2 5 3 . 9 2 0 . 0 0 2 5 3 . 9 2 2 9 2 5 . 0 0 2 6 7 1 . 0 8 8 4 . 1 5 5 3 3 0 . 1 0
3 3 5 . 9 5 7 1 9 . 0 0 0 . 0 0 7 1 9 . 0 0 4 9 5 0 . 0 0 4 2 3 1 . 0 0 1 1 7 . 6 9 6 0 9 5 . 7 0
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 6 0 5 9 . 3 8
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 6 0 0 5 . 2 5
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 5 9 6 0 . 4 1
15  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 .  GO 0 . 0 0 5 9 6 0 . 4 1
2 3 1 . 7 4 2 5 3 . 9 2 0 . 0 0 2 5 5 . 9 2 2 9 2 5 . 0 0 2 6 7 1 . 0 8 6 4 .  15 6 3 9 5 . 3 4
3 3 5 . 9 5 7 1 9 . 0 0 0 . 0 0 7 1 9 . 0 0 4 9 5 0 . 0 0 4 2 3 1 . 0 0 1 1 7 . 6 9 7 0 6 9 . 8 7
4 5 . 0 0 7 0 . 0 0 1 3 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 7 0 3 7 . 8 7
5 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 5 1 2 . 0 0 0 .  Ü Ü - 3 1 2 . 0 0 - 3 9 . 0 0 6 9 9 0 . 1 9
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 6 9 5 0 . 6 8
16  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 6 9 5 0 . 6 8
2 3 1 . 7 4 2 5 3 . 9 2 0 . 0 0 2 5 3 . 9 2 2 9 2 5 . 0 0 2 6 7 i . 0 8 8 4 . 1 5 7 3 3 3 . 3 7
3 3 5 . 9 5 7 1 9 . 0 0 0 . 0 0 7 1 9 . 0 0 4 9 5 0 . 0 0 4 2 5 1 . 0 0 1 1 7 . 6 9 7 9 2 8 . 1 7
4 5 . 0 0 7 0 . 0 0 2 5 5 . 0 0 5 0 5 . 0 0 0 . 0 0 - 3 0 5 . 0 0 - 6 1 . 0 0 7 8 8 6 . 2 3
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 7 8 4 4 . 2 1
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 7 8 0 9 . 4 1
17  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 7 8 0 9 . 4 1
2 3 1 . 7 4 2 5 3 . 9 2 0 . 0 0 2 5 3 . 9 2 2 9 2 5 . 0 0 2 6 7 1 . 0 8 8 4 . 1 5 8 1 4 7 . 0 2
3 3 5 . 9 5 7 1 9 . 0 0 0 . 0 0 7 1 9 . 0 0 4 9 5 0 . 0 0 4 2 3 1 . 0 0 1 1 7 . 6 9 8 6 7 0 . 6 4
4 5 . 0 0 7 0 . 0 0 3 8 5 . 0 0 4 5 5 . 0 0 0 . 0 0 - 4 5 5 . 0 0 - 9 1 . 0 0 8 6 1 5 . 5 0
5 8 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 8 5 7 8 . 4 9
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 8 5 4 7 . 8 2
13  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 8 5 4 7 . 8 2
2 3 1 . 7 4 2 5 3 . 9 2 0 . 0 0 2 5 3 . 9 2 2 9 2 5 . 0 0 2 6 7 1 . 0 8 8 4 . 1 5 8 8 4 5 . 2 8
3 3 5 . 9 5 7 1 9 . 0 0 0 . 0 0 7 1 9 . 0 0 4 9 5 0 . 0 0 4 2 3 1 . 0 0 1 1 7 . 6 9 9 3 0 6 . 6 1
4 5 . 0 0 7 0 . 0 0 1 5 5 . 0 0 2 0 5 . 0 0 0 . 0 0 - 2 0 5 . 0 0 - 4 1 . 0 0 9 2 8 4 . 7 2
CT 3 . 0 0 1 1 2 . 0 0 2 0 0 . 0 0 3 1 2 . 0 0 0 . 0 0 - 3 1 2 . 0 0 - 3 9 . 0 0 9 2 5 2 . 1 1
6 4 . 0 0 6 4 . 0 0 2 0 0 . 0 0 2 6 4 . 0 0 0 . 0 0 - 2 6 4 . 0 0 - 6 6 . 0 0 9 2 2 5 . 0 9
19  1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 9 2 2 5 . 0 9
2 3 1 . 7 4 2 5 3 . 9 2 0 . 0 0 2 5 5 . 9 2 2 9 2 5 . 0 0 2 6 7 1 . 0 8 8 4 . 1 5 9 4 8 7 . 1 7
126
c o n t . . .
3 3 5 . 9 5 7 19 .0 0 0 . 0 0 7 1 9 .0 0 4 9 5 0 . 0 0 4 2 3 1 . 0 0 117 .6 9 9 8 9 3 . 6 3
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